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IxrropUCTION.

“In mammalian embryology very many surprises are yet in store for
us " (Hubrecht. 0S).

Tur present contribution contains an account of the prin-
cipal results and conclusions at which T have arrived after a
somewhat protracted and much interrupted study of an
extensive collection of early developmental stages of Marsu-
pials, ranging from the fertilised egg to the blastoeyst in which
the two primary germ layers are definitely established. 1
believe T am now able to give for the first time an account of
early Marsupial ontogeny, based on the examination of an
adeqnate material, and both consistent in 1tself and with what
we kuow of the early development i the other two Mamma-
lian sub-classes. The materral at my disposal was obtained
during my tennre of office in the University of Sydney, and
with the aid of grants from the Royal Society and of a George
Heriot Research Fellowship. Tt represents the proceeds of
some cight years’ collecting, and comprises a fairly complete
series of stages of the native cat (Dasyurns viverrinus),
together with a few early stages of other Marsupials, notably
Perameles and Macropns.

Dasyurus proved in many ways a convenient snbject for
embryological pnrposes. It can readily be trapped in many
districts in New South Wales; it lives and breeds fairly well
n captivity, and though always somewhat intractable, it can,
owing to its size, be casily handled, and so may be subjected
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if necessary to daily examination.! But it has this great dis-
advantage, which it apparently shares with other Marsupials,
that a very variable period intervenes between coitus and
ovnlation. As a consequence, the obtaining of any desired
cleavage or early blastocyst stage is largely a matter of
chance.? Tt is true that the changes which take place m the
pouch, in correlation with ovnlation and the events connected
therewith, do afford in the case of late pregnant females some
indication of the stage of development likely to be met with,
but these changes are at first of too indefinite a character to
be of mnch service beyond mdicating that ovulation may have
taken place.

Dasynrus breeds bnt once a year, the breeding season
extending over the winter months—May to Aungust. One
remarkable feature in the reproduction of Dasynrus, to which
I have directed attention in a previous paper (Ilill, ’00), may
be again referred to here, and that is the fact that thereisno
correlation between the number of ova shed during ovnlation
and the accommodation available in the pouch. The normal
number of teats present in the latter is six, though the
presence of one or two snpernnmerary teats is not nuncommon;
the number of ova shed at one period is, as a rule, far n
excess of the teat number. I have, for example, several
records of the occurrence of from twenty to twenty-five eggs,
two of twenty-eight, one of thirty, and one of as many as
thirty-five! (twenty-three normal blastocysts and twelve

1 Perameles, on the other hand. though quite common in many parts
of the State, is by no means such a convenient type It is much less
easily trapped than Dasyurus, does not live nearly so well in captivity,
and is particularly difficult to handle. I have to thank Mr. D. G. Stead,
now of the Department of Fisheries, Sydney, for first directing my
attention to the breeding habits of Dasywrus, and also for providing
me with the first female from which I obtained segmenting eggs.

2 For example, I obtained unsegmented ova from the nteri, four, five,
six, seven and eight days after coitus, 2-celled eggs six and seven
days after, 4-celled eggs eleven and eighteen days after. In one case
the young were horn eight days after the last observed act of coitus,
in another sixteen days after, and in yet another twenty days after.
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abnormal). There ean he little doubt that Dasyurus, like
varions other Marsupials (e.g. Peramneles, Macropus, ete.),
has suffered a progressive reduction in the nnmber of young
reared, but even making due allowance for that, the excess
in produetion of ova over requirements would still be remark-
able enough. Whether this over-produetion is to be correlated
in any way with the occnrrence of abnormalities during early
development or not, the faet remains that cleavage abnor-
malities ave (nite frequently met with in Dasynrns,

Technigue.—As fixatives, I have employed for ovaries
the fluids of Hermann, Flemming, Ohlmacher, and Zenker ;
for ova and early blastocysts, Hermann, Flemming, Perenyi,
and especially piero-nitro-osmic acid (piero-nitric acid [Mayer]
96 e.c., 1 per cent. osmic acid 2 c.c., glac. acetie acid 2 c.c.) ;
for Jater blastocysts, the last-named fluid especially, also
piero-corrosive-acetic and corrosive-acetic.

To facilitate the handling of ova and early blastocysts
during embedding, I fonnd it convenient to attach each
specimen separately to a small square of pig’s faetal membrane
by means of a dilnte solution of photoxyhn (1 to2 per eent.).
Orientation of the specimen was then easily effected during
final embedding, under the low power of the microscope. The
larger blastocysts were double-embedded in photoxylin and
parafting the cavity of the blastoeyst being tensely filled with
the photoxylim solution by means of a hypodermic syringe
fitted with a fine needle.

For the stainming of seetions, Heidenhain’s iron-haema-
toxylin method proved the most satisfactory, and was almost
exclusively employed. Entive portious of the blastocyst wall
were stained either with IShrlich’s or Delafield’s heematoxylin.

I am much indebted to Mr. [, Schaeffer, of the Anatomieal
Departent of the University of Sydney, and to Mr. F.
Pittock, of the Zoological Department, University College,
for invaluable assistance in the preparation of the photo-
micrographs reproduced on Plates 1-5, and also to Mr. A.
Cronin, of Sydney, and Miss M. Rhodes, for the drawings
from their respective pencils reproduced on Plates 6 and 7.
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To Miss V. Sheflield I am indebted for the original of fig. 63.
To my friend Dr. F. P. Saundes, Syduey, I am indebted for
kind help in the revision of certain parts of the manuseript.

Caaprer I.—Crrrican Review or Previous OBSERVATIONS ON
THE IArRLY DEVELOPMENT OF THE MARSUPIALIA.

Apart from the very brief abstract of a short paper on the
development of Dasyurus, which T read before Section D of
the British Association in 1903 (included in Dr. Ashworth’s
Report, ‘Nature,” vol. Ixxviii), onr knowledge of the processes
of cleavage and germ-layer formation in the Marsupialia is
based (1) on the well-known observations of the late Kunl
Selenka (’86) on the development of the Virginian opossum
(Didelphys marsupialis), published in 1886 as Heft 4 of
his classical ¢ Studien’; and (2) on those of W. H. Caldwell
(’87) on the nterine ovum, and cleavage process in the native
bear (Phascolarctus cinerens).

Selenka’s account of the mode of origin of the germ-layers
in Didelphys differs widely, as the sequel will show, from my
description of the same in Dasyurus. Now Didelphys and
Dasyurus ave two marsupials, admittedly allied by the closest
structural ties, and we should therefore not expect & priori
that they would differ fundamentally iu the details of their
early ontogeny, however much they might diverge in respect
of the details of their embryonal nutritional arrangements.

Furthermore, we might reasonably hope, in view of the
generally admitted relationships of the Marsupialia, that a
knowledge of their early development would aid us in the
interpretation of that of Eutheria, or, at least, that themw
early developmental phenomena wounld be readily comparable
with those of Lntheria. It cannot be said that Selenka’s
observations realise either of these expectations. * Which-
ever view is taken of Selenka’s description of the opossum,”
writes Assheton (P98, p. 254), “many obvious difliculties
remain for the solntion of which no satisfactory suggestion
can as yet be offered.”
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As concerns my own observations, I venture to think it is
possible to bLring them into line with what we know of the
arly ontogeny in the other two mammalian snb-classes, and
I have attempted to do so in the conclnding chapter of this
paper, with what suceess the reader can judge, whilst as regards
the divergence between Selenka’s results and my own, I am
perfectly convinced that the explanation thereof is to be
found in the faet that the whole of Selenka’s early matervial
was derived from but two pregnant females, and that much
of it consequently consisted of eggs which had failed to
develop normally.  From the one female, killed 5 days
after ecoition, he obtained one egg in the 2-celled stage,
one with abont twenty cells and nine nnfertilised ova,  From
thie second, killed 5 days 8 hours after coition, he obtained
“ausser zwel tauben, 14 befruchtete Eier namlich je ein i mit
4, 8, 42, 68 Zellen, eine junge nnd eine dltere Gastrula mit
noch dicker Fiweissehicht nnd endiich acht aneh gleiehen
Euntwickelungsstufe stehende weit grossere Keimblasen, deren
Wand noch groisstentheils einschichtig war ™ (°86, p. 112).
Selenka recognised that the last-mentioned blastoeyst  die
normale BEutwickelnngsphiise repriisentiren,” sinee he found
as a rule that all the embryos from one uterus were in the same
developmental stage.  Nevertheless he proceeded to deseribe
the segmenting eggs and the two ¢ gastrulae” which lagged so
far belind the blastoeysts, as if they were perfectly normal
developmental stages,  He does, indeed, gqnestion whether or
not the 42-celled stage 1s normal, bnt decides in the affirma-
tive, “ denn wenn ich von zwei Zweifelliaften Fillen absehe,
so habe ich niemals Dier aus den ersten Tag anfgefunden,
welche anf irgend welche Anomalie der Entwickelung
linwiesen.”  This, however, can hardly be accepted as a
satisfuctory reasou for his conclusion, since apart from the
other cggs of the same batch, he had but the two eggs from
the other female for comparison, viz. the 2-celled egg (and
even that is, in my view, not quite normal), and the 20-celled
egy, which is stated to have snffered in preparation. With
the exception of the two eggs just mentioned, all the erucial
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early stages (ranging from the 4-celled stage to the completed
blastocyst), on whose examination Selenka based his account
of germ-layer formation in Didelphys, would thus appear to
have been derived from a single female.! No wonder it is
impossible to reconcile his description either with what we
know of germ-layer formation in the Prototheria and Kutheria
or with my account of the same in Dasyurus.

My own experience with the latter has shown me that no
reliance whatever is to be placed on segmenting eggs or
blastocysts which exhibit marked retardation in their stage
of development as compared with others from the same
nterus, and also that batches of eggs or blastocysts in which
there is marked variation in the stage of development attained
should likewise be rejected. Abnormalities in the process of
cleavage and of blastocyst formation are by no means un-
common in Dasyurus, and during the earlier stages of my
own work I spent much time and labour on the investigation
of just such abnormal material as that on which Selenka, no
doubt unwittingly, but I feel bound to add, with an utter
disregard for caution, based his account of the early develop-
ment of Didelphys.

I propose now, before passing to my own observations, to
give a short critical account of Selenka’s observations, my
comments being enclosed in square brackets.

The nterine ovum of Didelphys is enclosed by (1) a rela-
tively thin ¢ granulosamembran,” formed by the transforma-
tion of a layer of follicular cells [really the shell-membrane,
first correctly interpreted by Caldwell ('87) and formed in the
Fallopian tube]; (2) a laminated layer of albumen, semitrans-
parent; (3) a zona radiata, not always recognisable [in my
experience invariably distinct].

Cleavage begins in the nterus, is holoblastic, and at first
equal. A 2-celled stage is figured (Taf. xvi, fig. 3) [unot
quite normal as regards the relations of the blastomeres], and
also a d-celled stage [normal in appearance except for the

! The collection of my own early material of Dasyurus has involved
the slaughter of over seven dozen females.
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enormous thickness of the albumen layer], in which the four
equal-sized blastomeres are radially arvanged round a cleavage
cavity and are conical in form, their upper ends being more
pointed, their lower ends thicker and richer in yolk-material.
The nnelens of each is excentric, being situated nearer the
upper pale.  [This deseription 1s applicable word for word to
the 4-celled stage of Dasynrns.]

An S-celled stage (fig. 6) 1s next described, seven of the
blastomeres being equal in size and one being smaller. They
are arranged somewhat irregularly in two circles.  [This stage
I regard as abnormal hoth in respect of the arrangement of
the blastomeres and the occurrence of irregularity amongst
them.] Selenka (p. 119) thonght it probable that the third
cleavage planes cut the first two at rvight angles and divided
each of the first fonr blastomeres into a smaller ectodermal
cell and a larger more granular entodermal, but states that
he was unable to establish this owing to the opacity of the
albnmen-layer. [ My observations show that it is the fourth
cleavage in Dasynrus, not the third, which is equatorial, un-
equal, and cualitative, and that even then the cells formed are
not ectodermal and entodermal in significance.  The albumen
is normally never opaque.]

A 20-celled stage is mentioned, but not described, since it
snffered i preparation. It is said to have a large entoderm
cell in the cleavage cavity. [A statement of very doubtful
ralne, since the hlastomeres were adwmittedly pressed together
and probably displaced by the shrunken egg-membranes. |

The next stage deseribed is a spherical “gastrnla” (Taf. xvii,
figs. 7, 8), composed of forty-two cells with an open ‘“ blasto-
pore” as the vegetative pole, a smaller opening at the animal
pole, and a large ““ nr-entodern ” cell in the cleavage-cavity,
just inside the “Dblastopore.”” The wall of the ¢ castrula”’
consists of cells gradnated in size ; those in the region of the
blastopore are the largest and vichest in deutoplasin, those at
the opposite pole are the smallest and most transparent. [This
is a very characteristic stage in the formation of the blastocyst,
with which I am guite familar in Dasyurus.  Selenka’s speci-
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men, judging from Dasyurus, 1s normal as regards the consti-
tution of its wall and the occurrence of an opening at each pole.
The lower opening, however, has no blastoporie significance,
but, like the upper, owes its presence to the mode of formation
of the blastocyst-wall by the spreading of the blastomeres
towards the poles of the sphere formed by the egg-envelopes.
Selenka’s blastopore simply marks the last point of closure.
This specimen I hold to be abunormal from the presence of
the so-called “urentoderm” cell m its interior. I figure
(Pl. 3, fig. 37) a section of a fairly comparable and un-
doubtedly abnormal blastocyst of Dasyurus in which there is
also present in the blastocyst cavity a large free cell. Here
this latter is unquestionably a blastomere of the lower hemi-
sphere, which, having failed to divide, has become enclosed
by the spreading of its neighbours. Selenka’s “urentoderm-
zelle” 1 regard as a similarly displaced blastomere.]

A 68-celled “ gastrnla™ (figs. 9 and 10) is next described.
It is essentially similar to the preceding, only the ¢ blasto-
pore” has closed.

The succeeding stage (fig. 11) is a somewhat older
“gastrula,” in which gastrulation is suid to be still in
progress, since over the lower pole, in the region of the now
closed blastopore, it 1s no longer possible to say which cells
belong to the ectoderm, which to the entoderm. 'The latter
layer is described as being several cells thick in the blastoporic
region, and as in course of spreading round inside the ecto-
dermal wall of the “* gustrula” towards the npperoranimal
pole. [This specimen is undoubtedly abnormal, at all events
there is no comparable stage in Dasyurns. It is difficult to
obtain a clear idea of Selenka’s conception of the mode of origin
of the germ-layers, but he evidently held (cf. pp. 116 and 119)
that the large yolk-rich cells of the lower (““blastoporic”)
pole constitute the anlage of the entoderm, and that they
become inturned at the ¢ blastopore ”” and proliferate to form
the definitive entoderm, which then gradually extends round to
the animal pole, in contact with the inner surface of the wall
of the gastrula, that wall forming the ectoderm. He appa-
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> as the sole

rently did not regard the “urentodermzelle’
progenitor of the entoderm, but simply as an entoderm-eell
precociously inturned from the “ blastoporic ” margin.

This view of Selenka, however, lands ns in the predicament
of having to regard the embryonal area as differentiating over
the vegetative hemisphere, since in the mnext stage the
“blastopore ”” is described as being sitnated exeentrically in
that area. Kither Nelenka’s determination of the poles in the
+42-eelled blastocyst 1s wrong, or the entoderm does not
originate as he describes it. My own observations force me
to aceept the latter alternative. In his paper Selenka gets
over the difficulty very easily by altering the orientation of
his fignres.  On Taf. xvii, the figures of sections of blasto-
cysts are so placed that the ““ blastopore ”” 1s below, next the
bottom of the plate. These fignres 1 hold to be correctly
orvientated.  On Taf. xviii, the figures are inverted, so that
the ¢ blastopore ” is above; as the vesult the animal pole of
fig. 11, "'af. xvii, beecomes the vegetative pole of the stage
next described (fig. 2, Taf. xvii).]

The stage just referred to, described as an “eiférmige
gastrula,” is represented in a drawing made from the fresh
specimen as lying quite free in a large perivitelline space
enclosed by a very thick layer of albumen, outside which is
the “grannlosa-membran.”  In section (fig. 2) a mass of
entoderm is seen to reach the surface at one pole (marked b/.)
uppermost in the figure, whilst other entodermal cells are
shown spreading from this towards the lower pole. The
ectodern of the wall is represented as composed of definitely
eubical eells.  [The presence of a large perivitelline space,
by itself stamps this specimen as not normal. The sectional
figure must be schematic.]

The last of Selenka’s carly stages to which reference need
be made here is formed by eight “ gastrulae” (blastocysts),
reckoned as ten hours after the commeneement of cleavage
[a reckoning I consider of no value] (Taf. xviii, figs. 3 aud 4).
The embryonal area is now distinguishable by the larger size
of its ectodermal eells.  The entoderm is nnilaminar, and has
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extended beyond the limits of the embryonal arvea. The
position of the  blastopore ” is said to be marked in all by a
mass of coagulum attached to the wall, and in three by a
definite opening as well. It is situated excentrically in the
embryonal area. [Except for the “blastopore” and the
presence of a thick layer of albumen, this blastocyst stage is
quite comparable with the corresponding one in Dasyuras;
the latter, liowever, is considerably larger. Of Selenka’s
early material, I think it 1s these blastocysts alone which had
any chance of giving origin to normal embryos.]

W. H. Caldwell, who, as Balfour student, visited Australia
in 1883-4, obtained a very rich collection of early marsupial
material, of which, unfortunately, no adequate account has
ever been published. He gave, however, in his introductory
paper on the ¢ Embryology of the Monotremata and Marsu-
pialia’ (’87), an account of the structure of the ovum, both
ovarian and uterine, in Phascolarctus, and he showed that
the ovam during its passage down the Fallopian tube becomes
enclosed outside the albumen layer in
membrane, *0015 mm. thick,” which he homologised with the
shell-membrane of the monotreme egg. This important dis-
covery of the existence of a shell-membrane in the Marsu-
pialia I can fully confirm. I am, however, nnable to accept
his interpretation of the internal strncture of the ovam
of Phascolarctns, or his remarkable statement that cleavage
in that form is of the meroblastic type. Cleavage is not
described in detail, nor is any account given of the mode

““a thin transparent

of origin of the germ-layers.

CHarrer II.—Tuae Ovvar or DAsYCURUS.

1. Structure of the Ovarian Ovuam.

The full-grown ovarian ovim of Dasyurus (PL 1, fig. 1)
appears as a rounded, or more usnally, ovalish cell, the
diameter of which varies in section in ten eggs measured
from 28 x 126 mm. to ‘27 x ‘26 mwm. (average, ‘24 mm.),
and is therefore large relatively to the ova of Eutheria. It
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is enclosed by a thin, bnt very definite refractive membrane
or zona (vitelline membrane of Caldwell) of an approximate
thickuess of *002 mm. (fig. 1, z.p.), on which the cells of the
discus proligerus (fig. 1, d.p.) directly abut, a differentiated
corona radiata and syncytial layer being absent. It appears
to be identical in its relations and optical characters with the
membrane investing the monotreme ovum, and never shows
in section any trace of radial striations (thongh I believe 1
have detected an extremely faint appearance of such in the
fresh zona), or of the extension into it of protoplasmic
processes from the adjacent cells of the discus proligerus,
snch as Caldwell figures in the case of the ovam of Phas-
colarctns (ef. his PL 29, fig. 5). Within the zona the
peripheral eytoplasm of the ovum is differentiated to form an
exceedingly thin bnt distinct bonnding layer or egg-inembrane
(vitelline membrane, sensu stricto).

The cytoplasmic body of the ovum exhibits a very obvious
and striking differentiation into two regions in correspondence
with the presence in it of two definitely localised varieties of
deutoplasmic material, respectively granular and finid. Peri-
pherally it consists of a relatively narrow eytoplasmic zone of
practically mmiform width, dense and finely granunlar in
appearance owing to the presence in it of nmnerous particles
of deutoplasmic nature. This we may distinguish as the
formative zone (lig. 1, f.z.). In 1t Hes embedded the large
vesicular nuclens (abont *06 x 03 mm. 1 diam.). Centrally
and forming the main bulk of the ovum is a mass of greatly
vacnolated cytoplasm presenting the appearance of a clear
wide-weshed retienlnmn.  Its framework is coarser peripherally
where it passes over without definite lmiv into the formative
zone, with which it is structurally identical, but much finer
and wider-meshed centrally, so fine, indeed, that it almost
mvariably breaks down uuder the action of fixatives, and
appears in scetions as an irvegular space, perhaps crossed by
a few fine interlacing strands (fig. 1, d.z.). The meshes of
this reticulum are occupied by a clear Huid which must be
held to constitute the central deutoplasm of the egg. We
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may accordingly designate this central reticular area as the
deutoplasmic zone.

If we pass now from the full-grown to the ripe ovarian
ovum (PL 1, figs. 2 and 3), i. e. an ovum 1n which either the
first polar spindle has appeared or the first polar body has
already been separated off, it at once becomes evident that
important changes have occurred in the disposition and
relative proportions of the two constituent regions of the egg-
cytoplasm. The full-grown ovam is of the centrolecithal
type, the central deutoplasmic zone forming its main bulk
and heing completely surrounded by the thin formative zone.
The ripe ovam, on the other hand, exhibits an obvious and
unmistakable polarity, and is of the telolecithal type, as the
following facts show. The cytoplasmic body evidently con-
sists of the same two regions as form that of the full-grown
ovnm, but here the dense formative region now forwms its
main bulk, and no longer surrounds the clear deutoplasmic
region as a uniform peripheral layer. It has mnot only
increased considerably in amount as compared with that of
the full-grown ege, and at the expense apparently of the more
peripheral coarser portion of the deutoplasmic zone, but it
has undergone polar segregation, with the resnlt that it now
occupies rather more than one hemisphere of the egg as a
dense finely grannlar mass, with vacuoles of varying size
sparsely scattered through it (figs. 2 and 3, fz.). It
accordingly defines one of the ovnlar poles. 'The opposite
pole is just as markedly characterised by the presence imue-
diately below it of a more or less rounded clear mass,
eccentrically situated, and composed of an extremely fine
eytoplasmic reticulum with wide fluid-filled meshes. 1t is
completely surrounded by formative cytoplasm (though over
the polar region the enclosing layer is so extremely thin that
it here almost reaches the surface), and its cytoplasmic frame-
work is perfectly continuous with the same, the line of
junction of the two being abrupt and well defined. So
delicate, however, is this framework that it breaks down
more or less completely under the action of fixatives of such
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excellence even as the fluids of Flemming and Hermanu,
and thus in sections usually all that represent it are a few
irregnlar eytoplasmic strands crossing a large, sharply defined
clear space (figs. 2 and 3, d.z.). The mass in question has
thus all the characters of the deutoplasmic zone of the full-
grown ovau, and it must nndoubtedly be held to represent
the central portion of that which has not been utilised in the
upbunilding of the formative cytoplasm, and which has heen
forced to take np an excentric position immediately below
the polar region of one hemisphere, owing to the increase of
the formative cytoplasm and its segregation in the other
hemispliere.

The ripe ovam of Dasyurns thus possesses a polarity which
in its way is equally as striking as that of the Monotreme
egg. Towards the one pole the main ass of the ovam is
composed of deuse, slightly vacunolated formative cytoplasm,
in which the polar spindle is situated peripherally, but nearer
the equator than the formative pole. Toward the opposite
pole and practically reaching the surface is a rounded mass
of greatly vacuolated dentoplasmic cytoplasm.  Ronghly,
the formative cytoplasm coustitutes about two-thirds of the
bulk of the ripe egg, the deutoplasmic the remaining third.
Such being the structure of the ripe ovarian egg, if we
classify it at all, we must place it, it seems to me, with eggs
of the telolecithal type. My view of the significance of this
marked polar differentiation of the counstitnent matervials of
the ripe ovum of Dasyuras I shall presently indicate. Mean-
time I would lay special emphasis on the fact that the
eccentric mass of dentoplasmic cytoplasm represents material,
surplus dentoplasmic material which lLas not heen utilised in
the upbnilding of the formative cytoplasm.

The faect of the occurrence in the Kutherian ovum of a
polar differentiation of its constitnent materials is now
definitely established, thanks especially to the valuable
researches of Prof. O. Van der Stricht and lis pupils—IH.
Lams and the late J. Doorme.  In this connection T wish to
refer here in some detail to the extremely interesting obser-
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vations of Van der Stricht [’03,°05] on the structure and
polarity of the ovum of the bat (Vesperungo noctnla), since
these observations are in essential agreement with my own
on the ovum of Dasynrus, and enable me to affirm that the
polar differentiation herein recorded for the first time for the
Marsupial ovum is attained as the resnlt of vitellogenetic
processes, which essentially correspond with those of the ovam
of the bat. Van der Stricht, as is well known, has made a
special study of the process of vitellogenesis in the FEutherian
ovum, and is, indeed, at the present time the foremost
authority on this particular subject, so that his views are
worthy of all respect.

Study of the odeyte of Vesperugo during the period of
growth shows, according to Van der Stricht, that “a un
moment donné du développement dun jenne ceuf, les boyaux
et amas vitellogdnes [derived, according to him, from ¢ une
couche vitellogéne, mitochondriale,” present in the young
odeyte in the first stage of growth] disparaissent au profit da
vitelius, dont la structure pseudo-alvéolaire s’accentue
graduellement.” The full-grown odcyte at the stage just
prior to the appearance of the first polar spindle is charac-
terised by the presence of this “ pseudo-alveolar structure”
throunghont the extent of its cytoplasmic body. The alveoh
or vacuoles are of variable size, are filled by a clear liquid,
and “ correspondent incontestablement an deutoplasma de
Iceuf. A ce stade du développement de Vodeyte, ce vitellus
nutritif, auquel s’ajoutent bientot des granulations graisseuses,
est répandu uniformément dans toutes les profondeurs du
cytoplasme. Nulle part on ne constate une zone deutoplas-
mique distincte d’une zone de vitellus plastique.” In
Dasyurus the stage in vitellogenesis which almost exactly
corresponds with that of the full-grown oécyte of Vesperugo
just described is seen in odcytes not quite full-grown. In
fig. 4 is shown an obcyte of Dasyurns (26 x 20 mm. in
diameter), in which the same pseudo-alveolar structure as
described by Van der Stricht for the Vesperugo odcyte is
perfectly distinct. Here, however, fatty particles are not
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apparent, and the peripheral portion of the cytoplasm tends
to be free from vacuoles. In Dasyurus the formation of these
deuatoplasmic vaenoles begins in oGcytes about 2 mm. or less

in diameter. This characteristic ““ pseudo-alveolar ”’

stage 1s
followed in both Vesperngo and Dasyurus by one in which
there is recognisable in the evtoplasmic body of the ovam a
differentiation into a dense peripheral zone and a central
vacuolated area. In Vesperngo this stage is attained about
the time of appearance of the first polar spindle, whilst in
Dasyurus it is attained somewhat earlier, always prior to the
formation of the latter. So close is the agreement between
the two forms that Van der Stricht’s description of the bat’s
ege at the time of appearance of the first polar spindle might
equally well be applied to the full-grown ovum of Dasyuras.
He writes [’03, p. 43]: “Vers Pépoque de Papparition du
premier fuseau de maturation, le vitellus prend un antre
aspect. La partie centrale dentoplasmigue conserve une
structure psendo-alvéolaire, mais dans le voisinage immdédiat
dn premier fuscan et dans toute I'étendue de la couche
périphérique dn protoplasme, apparait nne mince zone de
vitellus compact et dense, plus on moins homogene ott les
vésicnles claires font défant. . . . A ce wmowment, on
distingue dans Podeyte de V. noctula une zone centrale
trés étendne, riche en deutoplasine et une zone corticale
trés miuce, riche en vitellns plastigune”  This centro-
lecithal phase, as we may term it, is followed in Vesperugo
during fertilisation and the separation of the second polar
body by a telolecithal phasc characterised by a distinet
polarity.  “La zoue de vitellus plastiqne s’épaissit encore,
mais surtout a un péle de P'cenf, a celni opposé au pédle ou se
détachent les denx globules polaires. Ce pdle, ot s’accumule
graduellement le vitellus formateur, mérite le nom de péle
animal. Il est opposé au pdle d’expulsion des globnles
polaires, vers lequel est refoulé le dcutoplasme, et qui se
comporte désormais comme le pole végétatif. Pendant que
les denx pronuncléus male et femelle se forment, le vitellus
plastique augmente graducllement en abondance an pole
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animal, tandis qn’il diminue an péle végérartif, et le dento-
plasme, parsemé d’un plus grand nombre de bonles graisseuses,
constitue une masse sphérique excentrique, voisine des denx
globules polaires” (Van der Stricht, 03, pp. 44—£5). Iv is
evident, then, that the fertilised ovam of Vesperugo exhibits a
polarity comparable with that of the ripe ovarian ovum of
Dasyurns, and that the vitellogenetic processes in the ova of
these two widely separated forms proceed along lines almost
identical, at all events so far as their broad outlines are con-
cerned. In both we find during growth a progressive
vacunolisation of the egg-cytoplasm consequent on the elabora-
tion of a dentoplasmic urd.  In both, the “psendo-alveolar”
condition so engendered is followed by one in which there
is recognisable a differentiation into a peripheral ¢ forma-
tive” zone rich in deutoplasmic granules, and a central
“deutoplasmic” zone rich iu Huid yolk, and finally in both

b

there occurs a segregation of the grauular “ formative” and

fluid yolk-constituents to opposite regions of the egg, with
resulting attainment of a definite polarity. In view of the
close general agreement in the vitellogenetic processes, and in
the constitution of the ova in Vesperngo and Dasynras, it
might be expected that the poles wonld accurately correspond,
but such is not the case if Van der Stricht’s determination of
the poles in the ovnm of Vesperngo is correct. In the latter,
according to Van der Stricht, the deutoplasm is located at
that pole from which the polar bodies are given off; at the

7 vitellus accumulates, and close to

opposite pole the “ plastic
it the two pronuclel unite and the first cleavage spindle is
formed. Accordingly Van der Stricht concludes that *“le
premier pole correspond au pole végétatif, le second au péle
animal des ufs & deutoplasme polaire (O. Hertwig).” In
Dasyurns, ou the other hand, I am perfectly convinced (and
adeqnate reason for my conviction will be forthcoming in the
course of my description of the processes of cleavage and
germ-layer formation) that the pole of the ripe ovam in
relation to the mass of deutoplasmic cytoplasm is not the
vegetative pole, but represents morphologically the upper or

VoL, 06, PART 1.—XEW SERIES. 2
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animal pole of the egg, the opposite pole in relation to which
the formative cytoplasm is sitnated heing the lower or
vegetative. The dentoplasmic cytoplasm thus lies in the
upper hemisphere, whilst the formative cytoplasm oecnpies
the lower. Tf Van der Stricht’s determination of the poles of
the ovum of Vesperngo be accepted, then we must conclude
that the poles of the Dasynrus ovum are exactly reversed as
compared with those of the bat’s egg. In this connection it
may be recalled that Lams and Doorme [’07] have demon-
strated the oceurrence in Cavia of an actual reversal of the
original polarity of the ovnm, prior to the beginning of
cleavage. These facts may well give ns panse before we
proceed to attach other than a purely secondary significance
to the exact location of the formative and dentoplasmic con-
stituents 1n the Metatherian and Euatherian ovum.  But
besides this apparent difference in the location of the deuto-
plasmic constituents of the ova of Dasyurns and Vesperugo,
there exists yet another which concerns the fate of these con-
stitnents in the respective eggs. In Vesperngo, Van der
Stricht shows that the “dentoplasin” remains an integral
part of the egg, and retains its polar distribntion in the
blastomeres np to at least the 4-celled stage.! Tn Dasynrns,
on the other hand, the fate of the dentoplasinic massis a very
different, and, indeed, a very remarkable one. It does not
remain an integral part of the segmenting ege asin Vesperngo,
but prior to the completion of the first cleavage furrow it
becomes bodily separated off, apparently by a process of
abstriction, from the formative eytoplasm as a clear ronnded
mass which takes no further direct part in the developmental
processes. Assoon as its elimination is effected, the remainder
of the eytoplasmic body of the ovum, formed of the formative
eytoplasm alone, divides into the first two equal-sized blasto-
meres, the first cleavage plane being coincident with the polar
diameter and at right angles to the plane of separation of the
deutoplasmic mass, or “yolk-body *” as we may term it (PL 2,
figs. 1416, 19, 4.0.), so that it 1s this formative zone of the
! Vide, however, * Addendwm ” (p. 121).
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ovum which is alone concerned in the production of the
embryo and its feetal membranes.

We have but to recall the conclusion already reached that
the clear vacuolated zone at the upper pole of the ripe ovum
of Dasyurus consists of surplns material, mainly in the form of
fluid of dentoplasmic nature which has not been utilised in
the upbuilding of the formative cytoplasm, and the signifi-
cance of this remarkable and, so far as the Mammalian ovum
is concerned, absolntely unique occurrence becomes at once
manifest.! We have to do here with an actual elimination of
surplus deutoplasmic material by the Marsupial ovam-—a phe-
nomenon ouly paralleled elsewhere, so far as [.am aware, and
even then but distantly, by the curions temporary separation
of the so-called yolk-lobe which ocenrs during the cleavage
of the yolk-laden eggs of certain Mollnses (Nassa, ITlyanassa,
Modiolaria, Aplysia, Dentalium) and Annelids (Myzostoma,
Chetopterus). In these forms cleavage of the ovum into the
first two blastomeres is accompanied by the separation of a
portion of the ovular substance in the form of a non-nucleated
mass or so-called yolk-lobe. This latter, which has been shown
to be connected with the formation of determined organ-
anlagen, reunites with one of the two blastomeres, and then
the same process of abstriction and rennion recurs at the
second cleavage.” We have here evidently a purely adaptive
phenomenon, the object of which no doubt is to permit of the
total cleavage of the yolk-laden ovum on what are presumably
the old ancestral lines, and I believe a comparable explanation
will be found applicable to the elimination of surplus yolk-
material by the Marsupial ovam.

As regards the significance of the occurrence of the deuto-
plasmic zone in the ovum of Dasyuras, iolding the views that
I do as to the phylogeny of the Marsupialia (viz. that the
Metatheria and Eutheria are the divergent branches of a

1 Vide “Addendum ” (p. 121). in which reference is made to the dis-

covery by Prof. Van der Stricht of the elimination of deutoplasm in
the ovum of Vesperugo.

2 Cf. Korschelt n. Heider, ‘Lehrbuch d. vergl. Entwicklungs-
geschichte,” Lief. 3, p. 107, 1909.
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common stock, itself of Prototherian derivation), and bearing
in mind the oceurvence of an nndoubted representative of the
shell round the Marsupial ovam, T venture to see in the fluid-
material of the dentoplasmic zone the partial and vestigial
eqnivalent of the yolk-mass of the monotreme egg. In other
words, I wonld regard the dentoplasmic {lnid as the product
of an abortive attempt at the formation of such a sohd yolk-
mass,  The objection will no donbt be forthcoming that this
interpretation cannot possibly be correct since the supposed
eqnivalent of the yolk-mass in the Dasyure ovum is located,
on my own showing, at the wrong pole—at the upper instead
of at the lower. DBnt its precise location does not seem to me
to be a matter to which we need attach any great importance,
since it has doubtless been adaptively determined i correla-
tion with the special character of the cleavage process.

The belief that the minute yolk-poor ovam of the Eutheria
is no pure primarily holoblastic one, but that it has only
sccondarily arrived at the total type of cleavage as the result
of the all but complete loss of the yolk ancestrally present in
1t, consequent on the substitution of the intra-nterine mode of
development for the old oviparous habit, is now widely held
amongst Mammalian embryologists.  Hnbreeht, however, is
an exception, wedded as he is to a belief in the divect deriva-
tion of the Eutheria from Protetrapodous ancestors with yolk-
poor, holoblastic eggs. Whether the interpretation I have put
forward, viz. that the non-formative or dentoplasmic zone of
the Dasyure ovnm is the rednced and partial eqnivalent of the
volk-mass of the Mouotreme egg, be accepted or not, T venture
to think that my discovery of an actual elimination of deuto-
plasmic material by the Marsupial ovumn affords a striking
confirmation of the tenth of the prevailing eonception as to
the phylogeny of the Entherian ovum, and I further venture
to think that the facts T have brought forward in the preceding
pages justify ns in regarding the ripe ovarian ovum of
Dasynrus as being potentially of the yolk-laden, telolecithal
type, and the nterine ovim, by bodily casting ont the snper-
flnous part of its deutoplasm, as becoming at the same time
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secondarily homolecithal and secondarily holoblastic.  The
Marsupial ovum presents itself to my mind as the victim of
tendencies conditioned by its ancestry, and in particular it
appears as if its inherited tendency to elaborate yolk had not
yet been brought into accurate correlation with the other
changes (reduction in size, intra-uterine development), which
1t has undergone in the course of phylogeny. As the conse-
guence it manufactures more yolk than it can utilise, and so
finds itself under the necessity of getting rid of the surplus.
Whether or not a comparable elimination of deutoplasmic
material occurs in the ova of other Marsupials, future investiga-
tion must decide. I should be gnite prepared to find variation
in this regard, correlated perhaps with the size of the egg.
In the case of Phascolarctus, Caldwell gives the diameter of
the ovum as 17 wm., and his figure of a (horizontal ¥) section
of the uterine ovum (here produnced as text-fig. 1, p. 27) shows
a differentiation of the cytoplasmic body of that into vacuo-
lated and granular zones quite comparable with that of the
Dasyure ovum. IFrom the few measurements of ova of other
marsupials that I have been able to make, it would appear
that the ovum of I'richosurus approximates in size to that of
Dasyurus, whilst that of Perameles and probably also that
of Macropus are smaller. TFrom Selenka’s fignre [ have
calculated that the ovam of Didelphys measures about *13 x
‘12 mm. in diameter. In the smaller ova it is quite likely
that yolk-formation may not proceed so far as 1 the relatively
large ovum of Dasyurus.

2. Maturation and Ovulation.

The details of the maturation process have not been fully
worked out, owing to lack of material. As in the Entheria
(Sobotta, Van der Stricht, Lams and Doorme, and others),
the first polar body is separated off in the ovary, the second
apparently in the upper part of the Fallopian tube where
entrance of the sperm takes place. The first polar figure
(late anaphase observed, fig. 5) lies in the formative cyto-
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plasm, close below and at right angles to the zona. Its exact
site is subject to some slight variation, and is best deseribed
as adjacent to the equatorial region of the egg, sometimes
nearer the lower pole, more usually, perhaps, nearer the
upper. Centrosomes and polar radiations were not observed.
The heterotypical chromosomes (gemini) have the form of
somewhat irregular, more or less angular granules. 1 have
not been able to determine their number. The figure 1s
barrel-shaped, and almost as Dbroad as long, measuring
‘015 x *013 mm. The first polar body (fig. 6, p.bL.) is small
relatively to the size of the egg, its diameters varying round
03 x 01 mm., and its shape 1s that of a Hlattened bi-convex
dise.  In uterine eggs there is some cvidence pointing to the
probability of its having undergone division.

The second polar spindle (figs. 3 and 7) les immediately
subjacent to the first polar body in the fully ripe ovarian
ovinn. It is shorter than the first, measuring *013 mm., and
much narrower. The second polar bhody easures abont
‘015 x 01 mn. in diameter, and is thus smaller than the first.
I have only seen the second polar body in nterine ova, and
therefore can only presume that 1t is separated off m the
upper part of the Fallopian tube, subsequently to the pene-
tration of the sperm, as m Hutheria.

Ovulation takes place irrespective of whether copulation has
oceurred or not, and it 1s a fact worthy of record that, even
if the ova be not fertilised, the pouch and mammary glands
nndergo the same series of ¢rowth changes as are charac-
teristic of, at all events, the earlicr stages of normal
pregnaney.

The folliecnlar eclls of the disens proligerus investing the
ovinn are already in the vipe follicle in a state of disruption,
and 1 believe they separate completely from the ovam at the
moment of dehiscenee, so that, except for the zona, the ova
are quite naked when they enter the tube. Ihave no evidence
of the existence ontside the zona of a layer of proalbumen
snch as Caldwell describes ronnd the ovum of Phascolaretus,
Apparently the ova are shed almost simultaneously, and they
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must pass with considerable rapidity down the tubes to the
uteri where cleavage begins, for 1 have only once found a
tubal ovum, and that one had evidently been retarded for
some reason, and was polyspermic.

3. The Secondary lgg-membranes: Albumen and
Shell-membrane.

During the passage of the ovum down tlie tube it is
fertilised, and becomes enclosed externally to the zona by
two secondary layers formed as secretions by the cells of the
ovidueal lining. First of all, the ovam becomes surrounded by
a transparent to semi-transparent laminated layer of albumen,
‘015 to "022 mm. in thickness, composed of numerous very
delicate concentric lamelle, and having, normally, numbers
of sperms 1mbedded in it (figs. 8-11, alb., sp.). Then outside
the albmmen layer there 1s laid down a definite, but at first
very thin, double-contoured membrane (ligs. 8 and 10, s.n.),
which, following Caldwell, 1 have no lesitation in homo-
logising with the shell-membrane of the Monotreme egg.
Caldwell in 1887 described and fignred a definite membrane
enclosmg the uterine ovam of Phascolarctus, externally to,
and quite distinet from the albumen, which he interpreted
as the represceutative of the shell-membrane of the Mono-
tremata, but owing apparently to the fact that Selenka
altogether failed to recognise its true nature in Didelphys,
since he regarded it as a derivative of the follicular epithe-
linm, and termed it the granulosa-membran,” this highly
significant discovery of Caldwell has been largely ignored.
Such a membrane is constantly present and easily recognisable
in all the Marsupials (Dasyurns, Perameles, Trichosurus,
Macropus, Petrogale, Pliascologale, Acrobates, Phascolarctus,
Bettongia), of which I have had the opportunity of stundying
early developmental stages. It is laid down in the Fallopian
tube, is perfectly distinct from the albumen, and increases in
thickness in the uterus, and if it has not the significance
which Caldwell has suggested, then I must leave it to those
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who decline to accept Caldwell’s interpretation to put forward
an alternative one, since I aimn unable to do so.

The shell-membrane of Dasynrus (PL 1, figs. 8-11; PL 2,
figs. 17, 18, san.) is a transparent, perfectly homogeneons
layer, highly refractive in character and of a faint yellowish
tint. When fully formed it possesses firm, resistant properties,
recalling those of chitin, and is donbtless composed of a
keratin base. It is distinguishable at once from the albumen
by its optical characters and staining reactions, so that there
is ot the slightest justification for the snpposition that it
may represent simply the specially differentiated ouatermost
portion of that layer. In ova which have just passed into the
uterus (fig. 10) the shell-membrane is extremely delicate, its
thickness being only about *0016 mm., hut even before cleavage
begins it has inereased to -002 mm. (fig. 12); in the 2-celled
stage (fig. 18) 1t has reached 005 mm., in the 4-celled stage
(fig. 22) *0072 mm., whilst in the 16-celled stage (figs. 24-20)
it has practically attained its waximum thickness, viz., ‘0075
*008 nmm.  Caldwell’s measnrements in the case of Phasco-
farctus agree closely with the above (shell of unsegmented
ovam from the uterus, "0015 mm. thick, that of the *3 mm.
“ovum,” 0L mm.). Its presence renders the thorough
penetration of ova and carly blastocysts with paraffin o
capricions and frequently troublesoiie operation, and its
resistant shell-like nature becomes only too obvious 1 the
process of section-cutting, since it cracks with the ntmost
readiness (ef. Pl 3, figs. 32, 37).

T'he occurrence of a shell-menmbrane round the Marsupial
ovam is a feature of considerable phyletie significance, as 1
need hardly point out. It shows us that the ancestors of the
Metatherta must have been oviparous, or must themselves
have come from an oviparous stock, which there is no valid
reason for snpposing was other than Prototherian in its
characters. ltalso venders nntenable the views of Hubreeht to
the effect that the Metatheria are the descendants of Kutheria,
whilst the Futheria themselves have been dirvectly dervived
from some presumed viviparous gronp of hypothetical Prote-
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trapods, unless we are to sappose that the Metatheria are
even now on the way to acquire secondarily the oviparous
habit, much in the same way as the Monotremes, according
to Hubrecht, have long since succeeded in doing.

The occurrence of a shell-membrane roand the Marsupial
ovum has also an important ontogenetic significance in rela-
tion to the mode of formation of the blastocyst, as I shall
endeavour presently to show.

4. The Uterine Ovuam.

The unsegmented ovum from the uterns (figs. 5-13)
consists of the following parts:

(1) The shell-membrane externally, -0016—002 mm. 1n
thickness.

(2) The laminated layer of albumen, ‘015-022 nm. or
more in thickness.

(3) The zona, about -0016 mm. in thickness.

(4) The perivitelline space, between the zona and the
ovum, occupied by a clear fluid which coagulates under the
action of certain fixatives, e. g. Hermann’s fluid (fig. 11, p.s.),
and which has diffused in from the uterns. The inute
polar bodies lie in this space, usually nearer the upper pole
than the lower.

(5) The ovum proper.

The entire egg is spherical i form, and varies in diameter
in the fresh state from about ‘3 mm. to -36 mm. (average
about -32 mm.).

The ovum itself is ovoidal, its polar diameter always slightly
exceeding the equatorial.  Its average diametrical measuve-
ments in the fresh state run about 25 x 24 mm., though I
have records of ova measuring as much as '3 x *29 mm., and
I find that there is an undoubted slight variation in the size
of the ova of even one and the same bateli, as well as 1u those
from different females.

The uterine ovum exhibits the same marked polarity as
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characterises the ripe ovartan ovum (the npper pole being
marked by the vacnolated dentoplasmic zone (tigs. 8-11, d.z.),
and so far as its eytoplasmic body is concerned it shows no
essential difference from that.

Examined fresh in normal salt solution, the formative eyto-
plasm forming the bulk of the ovmm appears dense, finely
granular, and of a very faint lightish-brown ting, its opacity
being snch that the two prounclei sitnated 1n 1ts central region
can just be made out. In section, this central region is dis-
tinguishable from the peripheral zone by its uniform, more
finely grannlar character and by the absence of the flnid-filled
-acuolar spaces which are generally present in the latter
figs. 10 and 12). The deutoplasmic zone at the upper pole,
whichis only partially visible in the entire egg owing to the way
in which it 1s enclosed by the formative cytoplasm (tigs. 8, 9,
.z.), presents a characteristically clear or semi-transparent
vacnolated appearance m the fresh state, but may have em-
bedded in it a small dense mass (fig. 8, ef. also figs. 11 and 1),
evidently formed by the transformation of a portion of its tlnid
constitutent into the solid state, and so to be regavded as com-
parable with a bit of formative eytoplasm.

In most of the nnsegmented uterine ova at my disposal the
male and female prouuclet hiave attained approximately the
same size and lie in proximity in the central more homo-
geneous region of the formative cytoplasm (figs. 10-12). The
transformation of the sperm-head into the male pronucleus
probably takes place during the passage of the ovin down
the tube, and was uot observed, and [ am as yet uncertain
whether the pronuelet unite to form a single cleavage nucleus
or give origiu directly to the chromosomes of the first cleavage
fignre.

Caldwell figures (’87, PL. 30, fig. 5) a section through the
uterine ovum of Phascolarctus which I reproduce here as
Text-fig. 1,in order to facilitate comparison with my figs. 11 and
12, with which it shows an essential agreement, apart from
the presence of follicular cells in the albumen which 1 have
never observed in Dasyurns, and making allowance for the
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difference in sectional plane. The figure is stated to represent
“the seventeenth section of a vertical longitudinal series of
thirty-five sections through the segmenting ovum, containing
two nuclei, taken from the nterus and measuring *17 mm. in
diameter.” Caldwell has, 1 think, fallen into several errors
in his interpretation of the structural features seen in this

TexT-FI1G. 1.

Section of uterine ovum of Phascolaretus cinereus.
(After Caldwell.)

figure. In the first place, the sectional plane appears to me
not to be vertical as in my own figs. 11 and 12, but horizontal,
and to have passed through the lower portion of the deuto-
plasmic zoue, shown in the fignre as a central markedly
vacuolated area. Then there is no evidence to be derived
from the figure in support of the description of the ovum as
segmenting. The part inside the zona (vm.) labelled y'and
described as “ protoplasm with finest yolk-granules,” I would
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interpret simply as coagnlum in the perivitelline space, whilst
the so-called ““segmentation nuelei” (ny, n,) situated in 16 are
probably the polar bodies or their derivatives. The part
labelled 7, and designated “white yolk,” I wonld regard as
the ovnm itself. It exhibits an obvions differentiation into a
central vacuolated area and a peripheral, dense, granular
zone with scattered vacnoles, and 1 think there can be little
doubt but that the former corresponds to the deutoplasmic
zone of the Dasyure ovum, the latter to the formative zone.
It is these ervors of interpretation apparently which misled
Caldwell into making the statement, now widely quoted in
the text-books, that cleavage in Phascolarctns is of the
meroblastic type.

Crarrer 1IT.—Creavage axp Formariox or 1HE BLrasrtocyst.

1. Cleavage.

Cleavage begins in the uterns as in Didelphys, Phasco-
larctus, and no doubt Marsupials in general. The first ex-
ternally visible step towards it consists, as already described,
m the elimination by abstriction of the dentoplasiic zone at
the npper pole. The yolk-body so formed appears as a
definitely limited, clear, ronnded mass which lies in contact
with the slightly concave upper surface of the formative
remainder of the ovam. It is quite colonrless and transparent
except for the frequent occurrence in it of a small, more or
less irregular opague mass, representing probably a condensa-
tion product of its fluid material (cf. Pl. | figs. 8, 14, .0.).
Consisting as it does of a very delicate cytoplasmic retienlum
with flnid-filled meshes it is extremely fragile, and is seen to
advantage only in fresh material (figs. 14 and 19, y.0.). 1t
takes no divect part in the later developmental processes
thongh during the formation of the blastocyst it becomes
enclosed in the blastocyst cavity and finally undergoes dis-
integration therein, its substance becoming added to the fluid
which fills the same, so that it may be said, in this indirect
way, to fulfil, after all, its original nntritional destiny. Separa-



THE EARLY DEVELOPMENT OF THE MARSUPIALIA, 29

tion of the yolk-body is rapidly followed by the completion
of the division of the formative remainder of the ovum into
the first two blastomeres, the plane of division being co-
incident with the polar diameter or egg-axis and at right
angles to the plane of separation of the volk-body (Pl 2, fig.
14). T obtained relatively listle material between the stag_ge
of the unsegmented ovum with two equal-sized pronuclei seen
in fig. 12 and the 2-celled stage (fig. 14), both of which
are well represented in my material, so that it would appear
that the separation of the yolk-body and the division of the
formative remainder of the ovum are effected with considerable
rapidity. Fig. 13 shows, liowever, a section of an un-
segmented ovum in which the chromosomes of the metaphase
of the first cleavage figure are visible in the central region
of the formative cytoplasm, but sitnated, it is worthy of note,
nearer the future upper pole than the lower pole. The deuto-
plasmic zone (d.z.) still forms an integral part of the egg, and
there 1s no sign of commencing abstriction. I have also
sections of ova in a still more advanced stage of the first
cleavage, in which the daughter-nuclei have but recently been
constituted and are =tll quite minute, and the cleavage furrow
is well marked on the surface of the egg. In these ova the
volk-body is already separated, so that we may conclude with
a fair degree of certainty that its elimination about coincides
with the first appearance of the cleavage fnrrow.

Figs. 14-16 show the 2-celled stage, respectively in side,
lower polar, and end views., The blastomeres are of approxi-
mately equal size and otherwise quite similar. Selenka also
found the same to be the case in Didelphys, though in the
single specimen of the 2-celled stage he had for examination
(Taf. xvii, fig. 3) the blastomeres are displaced and somewhat
shrunken. Each blastomere has much the shape of a hemi-
sphere from which a wedge-shaped segment has been sliced
off, a form readily accounted for when we take account of the
effect of the elimination of the deutoplasmic zone. After
that event, the formative remainder of the ovum has the
form of a sphere from which a somewhat bi-convex lens-
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shaped piece has Dbeen gouged out at the upper pole.
Consequently, when it divides along its polar diameter, the
resulting blastomeres will have the form of hemispheres with
obliguely trnncated npper surfaces orends, which will be pro-
portionately thicker than the lower euds. In correlation
therewith we find the nuclens of each blastomere situated
slightly excentrically, rather nearer the npper than the lower
pole (fig. 13). The rounded yolk-body lies partly euclosed
between the npper truncated surfaces of the blastomeres.

Two-celled eggs are shown in vertical section in figs. 17
and 18. The cytoplasm of the blastomeres exhibits a well-
marked differentiation into two zones corresponding to that
already seen in the formative cytoplasm of the imsegmented
ege, only much more accentuated, viz. a dense, fine-grained
perinuclear zone, and a less dense, more vacnolated peripheral
zone, in which there is present o coarse, irregular network of
decply staining strands, recalling the framework of mito-
chondrial origin described by Van der Stricht (P04, '05) in
the hnman ovnm and that of Vesperugo. We have here in
this differentiation of the cytoplasm, evidence of the occur-
rence of an intense metabolie activity which has resulted ina
marked increase in the amount of deutoplasinic material
present i the blastomeres as compared with that fonnd in
the ovarian egg or even in the unsegmented uterine egg.
The blastomeres consequently present a somewhat dense
opaqne appearance when examined in the fresh state, their
nuclet being partially obsenred from view. Amongst the
Eutheria, varions observers (Sobotta, Van der Stricht, Lams
and Doorme) have deseribed a similar incerease in the deuto-
plasmic contents of the egg after its passage into the
“allopian tube or nterus.

The second cleavage plane is also vertical and at right
angles to the first.  The resulting fonr equal-sized blastomeres
viewed from the side (Pl 2, fig. 19) are scen to be ovalish in
ountline, their lower ends being slightly narrower and more
pointed than their upper ends, which diverge somewhat to
enclose the lower part of the yolk-body. Seen from one of
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the poles, in optical section (figs. 20, 21), they appear tri-
angular with rounded corners and centrally directed apices.
The space ocenpying the polar diameter, which they enclose
is the cleavage cavity. 'The blastomeres are now somewhat
less opaque than those of the 2-celled stage, so that their
nuclei, excentrically sitnated mnearer their upper ends and
enclosed in the central granular zone of the cytoplasm, can
now be fairly distinctly made out in the fresh ege.

The arrangement of the blastomeres at this stage is
exceedingly characteristic, and is identical with that of the
blastomeres in the corresponding stage of Amphioxus or the
frog, butis quite different from that normal for the -l-celled
stage of the Lutheria. They lie disposed radially or meri-
dionally around the polar dimmeter, oceupied by the cleavage
cavity, their thicker upper ends partially sarrounding the
volk-body. Selenka figures a precisely similar arrangement
in hig 4-celled stage of Didelphys, so that we may conclude
1t holds good for the Marsupials in general.

Whilst, then, in Marsupials the first two cleavage planes are
vertical or meridional, and at right angles to each other, and
the first four blastomeres are arranged radially aronud the
polar diameter (radial type of cleavage), in the Kutheria
snch is never the case, at all events normally, so far as is
known. In the Butheria the first tfour blastoweres form, or
tend to form, a definite cross-shaped gronp, as the result
apparently of the independent division of the first two blasto-
meres 1 two different planes at rvight angles to each other,
the division planes being meridional in the one, equatorial
in the other.! This prononnced difference in the spatial
relations of the first fonr blastomeres in the Metatheria and
Futheria 1s a feature of the very greatest interest and im-
portance, since it is correlated with and in part conditions
the marked dissimilarity which we meet with in the later
developmental occurrences in the two groups, in particular
in the mode of formation of the blastocyst i the two.

1 Compare in this connection Assheton’s remarks ('09, pp. 232-233),

which have appeared since this chapter was written.



32 J. P. HILL.

Moreover, so far as the Entheria are concerned, it affords ns,
I believe, a striking and hitherto nnrecognised example of a
plhenomenon to which Lillie (°99) has directed attention, viz.
adaptation in cleavage.

Fig. 22 shows a horizontal section throngh the 4-celled
stage, and fig. 23 a vertical section of the same. The blasto-
meres in their cytoplasmic characters essentially resemble
those of the 2-celled stage, but the peripheral dentoplasmic
networlk is here more strongly developed, and it is especially
worthy of note that it is more marked towards the lower
poles of the blastomeres (fig. 23), as also appears to be the
case in the 2-celled stage. 'T'he shell-membrane measures in
thickness *0072 mmn.

The unext sneceeding (third) cleavages are again meri-
dional, each of the four blastomeres becoming subdivided
vertically into two, not necessarily synchronously. Fig. 53.
Pl. 6, shows a side view, and fig. 54 a view from the lower
pole of a G-celled egg, two of the blastomeres of the 4-celled

DD

stage having divided before the other two. The blasto-
meres liave moved apart, and now formm an open ring
approximately eqnatorial in position, and surrounding the
central cleavage space, the upper opening of which is
ocenpied by the yolk-body. I have failed to obtain a
perfectly normal S-celled stage, nevertheless the evidence
clearly shows that the first three cleavage generations in
Dasynrns are meridional and equal, and that the resulting
eight equal-sized blastomeres form an equatorial ring in
contact with the inner surface of the spheve formed by the
zona and shell-membrane.

Whilst, then, the first three cleavage generations are
meridional and equal, the sncceeding divisions (fonrth cleavage
eeneration), on the contrary, are equatorial and unequal, each
of the cight blastomeres becoming divided into a smaller,
more transparent upper cell, with relatively little deutoplasm,
and a larger, more opague lower cell with more abundant
deuntoplasmic contents.  In this way there is formed an
exceedingly characteristic 16-celled stage, consisting of two
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superimposed rings, each of eight cells. The upper rving of
smaller and clearer cells partially encloses the yolk body, and
is sitnated entirely in the npper hemisphere of the sphere
formed by the egg-envelopes. The lower ring of larger, more
opaque cells lies approximately in the equatorial region of the
said sphere. This 16-celled stage is figured in fig. 55, PI. 6,
as seen from the side, and in fig. 56 as seen from the upper
pole, both figures being taken from a spirit egg *37 mm. in
diameter. The marked differences i the cells of the two
rings are well bronght out in themicro-photographs reproduced
as figs. 24, 25, and 26, Pl. 2. Tigs. 24 and 25 represent
horizontal sectious of an egg *38 mm. in diameter, the former
showing the eight cells of the lower ring, and the latter the
eight cells of the upperring. Fig. 26 shows a vertical section
through an egg also of a diameter of 38 mm., but with
seventeen cells, one of the original eight cells of thie npper ring
having divided and one beingin processof division. Thesection
passes through the yolk-body (y.5.), which is seen as a faintly
outlined structure lying in contact with the zona between the
two cells of the npper ring (f.c.).

The shell-membrane in eggs of this 16-celled stage has
attained a thickness of ‘0075 mm., and the albumen layer has
been alimost completely absorbed, so that the zona now lies
practically in apposition with the shell-membrane, the two
together forming a firm resistant sphere, to the inner surface
of which the blastomeres are closely applied. The separation
between the zona and shell-membrane seen in the figures is
largely, if not wholly, artificial.

The average measurements of the cells of the two rings in
the ‘38 mm. egg, figured in figs. 24 and 25, are as follows :

Upper ring cells. Lower ring cells.
Diameter . ‘06 x 058 mm. . 09 x ‘064 mm.
Vertical height *095 mmn. . 115 mm.
Nucleus . . ‘0165 mm. . 02mm.

These measurements demonstrate at a glance the distinct
difference in size which exists between the cells of the two
rings, whilst the cytoplasmic differences between them are

VOL. 56, PART |.—NEW SERIES. 3
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equally evident from an inspection of the micro-photographs,
figs. 24-26. In the larger cells of the lower ring (fig. 24,
tr.ect.) the nmelens (rich in chromatin and mnucleolated)
is surrounded by a perinuclear zone of clearer, coarsely
vacuolar cytoplasm, ontside of which is a densely granular
deutoplasmic zone, which extends to within a short distance
of the periphery of the cell-body. In the smaller cells of the
upper ring (fig. 25, f.c.) the eytoplasm is coarsely reticular,
with a tendency to compactness ronnd the nuclens, and its con-
tained deutoplasmic material is spare in amount as compared
with that of the lower cells, being mainly located in a quite
narrow peripheral zone. The upper cells thus appear relatively
clear as compared with the dense, opaque-looking lower cells
(fig. 206).

It becomes evident, then, that we have to do here, in this
fourth cleavage generation, with an unequal qualitative
division of the cytoplasm of the blastomeres of the 8-celled
stage. Just such a division as this we should expect if the
deutoplasinic material were mainly aggregated towards tlhe
lower poles of the dividing cells. The evidence shows that
this is actually the case. 1n the 2-celled and especially in the
4-celled eggs we have already seen that the deutoplasmic
network is already most strongly developed towards the lower
poles of the blastomeres. This polar concentration of the
dentoplasm reaches its maximum in blastomeres of the S-
celled stage, and confers on these an obvious polarity.
Althongh 1 failed to obtain normal examples of the latter stage,
I have fortunately been able to observe the characters of the
blastomeres in scetions of eggs with twelve, thirteen, and
fourteen cells respectively.

In the 12-celled egg (Pl 6, fig. 57), measuring 38 mm.
in diameter, four of the eight original blastomeres arve still
undivided ; the vemaining four have undergone division
unequally aud qualitatively, one but recently, so that 4 +
(b x 2) =12, The undivided blastomeres are large (average
diameter, *11 x 076 mm.) and ovoidal in form, their lower
ends being thicker than their upper, and they exhibit a well-
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marked polarity. The nucleus lies excentrically in the
apper half of the cell, just above the equator, and is sur-
rounded by a finely granular zone of cytoplasm, oatside which
is a thin irregnlar ring of deutoplasmic material. The cyto-
plasm of the apical part of the cell is clear and relatively free
from deuatoplasm; that of the lower half, on the other hand,
is so rich in dentoplasm as to appear quite dense and opaque.
The conclusion is therefore justified that the hlastomeres of
the 8-celled stage possess a definite polarity, which has been
acquired as the result of the progressive concentration of
deutoplasmic material at their vegetative poles during the
cleavage process. Division, in the equatorial plane, of cells
so constituted must necessarily be nnequal and qualitative, so
far at least as the cytoplasm is concerned.

In the 13-celled stage three of the original eight blasto-
meres are in process of division, and five have already divided
unequally and qualitatively, so that 3 + (5 x 2) = 13, and in
the ld4-celled stage two of the original blastomeres are in
division and six have already divided: 2 + (6 x 2) = I4.

The significance to be attached to this characteristic unequal
and qualitative division of the blastomeres of the 8-celled stage
to form two superimposed cell-rings, markedly differentiated
from each other, we shall presently consider. Meantime 1
may categorically state the conclusions I have reached in
regard thereto. The wall of the blastocyst in Dasyurns is at
its first origin, and for some considerable time thereafter,
untlaminar throughout its entire extent, and I regard the
upper cell-ring of the 16-celled stage as giving origin to
the formative or embryonal region of the nnilaminar wall,
the lower cell-ring as furnishing the extra-embryonal or non-
formative remainder of the same. I shall therefore refer to
the upper cell-ring and its derivatives as formative or
embryonal, and to the lower cell-ring and its derivatives
as non-formative or extra-embryonal.

The formative or embryonal region turnishes the embryonal
ectoderm and the entire entoderm of the vesicle, and I accord-
ingly conclude that it is the homologue of the embryonal knot
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or inner cell-mass of the Kntherian blastocyst. The non-
formative or extra-embryonal region directly gives origin to
the outer extra-embryonal layer of the bilaminar blastocyst
wall, i.e. to that layer which in the Saunropsida and Proto-
theria is ordinarily termed the extra-embryonal ectoderm. T
regard it as such, and as the homologue of the so-called
trophoblast (or as I prefer to term it, the ‘“trophoblastic
ectoderm ” or “tropho-ectoderm ”’) of the Kutherian blasto-
cyst.

A word or two here before concluding this section by way
of snmmary, as to the condition of the enclosing egg-envelopes.
During the sojourn of the egg in the uterns the albnmen is
gradually resorbed, and by about the 16-cell stage 1t has all
but completely disappeared, thus permitting the zona to come
into direct apposition with the inner surface of the shell-
membrane. The shellmembrane itself increases very con-
siderably in thickness during cleavage, and by the 16-celled
stage had practically reached its maximnm, viz. -0075-
‘008 mm.; 1. e. it is nearly five times thicker than that of the
ovam which has just entered the nterns. The thickened
shell-membrane by itself is firm and resistant, and it becomes
still more so by the application of the zona to its inner surface,
the two together forming a spherical supporting case round
the segmenting egg, to the muer surface of which the blasto-
meres become closely applied.

The existence of sneh a firm supporting envelope round
the Marsupial egg is, in my view,.a feature of very great
ontogenetic significance, and one which must be taken into
account in any comparison of the early developmental ocenr-
rences in the Metatheria and Euatheria. As the sequel will
show, the mode of formation of the blastocyst in these two
snb-classes is fundamentally different, and in my opinion
the explanation of this difference is to be fonnd in the
retention by the Metatheria of a relatively thick resistant
shell-membrane, and its complete disappearance amongst the
Futheria.
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2. Formation of the Blastocyst.

It 1s characteristic of the Marsupial that the cleavage-cells
proceed directly to form the wall of the blastocyst, without
the intervention of a morula stage, as in the Eutheria.

The fifth cleavages are meridional, each of the eight cells
of the two rings of the 16-celled stage becoming subdivided
vertically into two, so that there results a 32-celled stage

>
might be expected, the smaller less yolk-rich cells of the
upper ring tend to divide more rapidly than the larger yolk-
laden cells of the lower ring, but the difference in the rate of
division of the two is only slight. 1 have, for example,
sections of a 17-celled stage (that already referred to, fig. 26)
consisting of nine formative cells (=6 + [I x 2] + 1 in
division) and eight non-formative cells, and also of a 31-celled
stage (PL 6, fig. 59, seen from lower pole; cf. also fig. 60,
showing a side view of another 3l-celled egg, both eggs
375 mm. in diameter), consisting of sixteen formative and
fifteen non-formative cells, of which one is in process of
division. But I have also preparations of 32-celled eggs with
an equal number of formative and non-formative cells,
showing that the latter may malke up thewr leeway, the former
resting meantime. Ou the other hand, the cells of the two
rings may divide more irregularly, us evidenced by a stage
of about forty-two cells, consisting approximately of twenty-
three formative cells (=9 4+ [7 x 2]) and nineteen non-
formative (= 13 + [3 x 2]). Whatever the rate of division,
the important point is that the division planes are always
radial to the surface, so that all the resunlting blasto-
meres retain a superficial position in contact with the inner
surface of the supporting spheve formed by the zona and
shell-membrane. In apposition with the continuous surface
afforded by that, the blastomeres, continuing to divide,
gradually spread round towards the poles, the descendants of
the upper or formative cell-ring gradually extending towards
the upper pole marked by the yolk-body, whilst those of the

consisting of two rings, each composed of sixteen cells.  As
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lower or nou-formative cell-ring similarly spread towards the
lower pole. As the blastomeres divide and spread they
become smaller and more flattened, and gradually cohere
together, and so in this way they eventnally give origin to a
complete nnilaminar layer lining the inner surface of the
sphere formed by the egg-envelopes. It 1s this unilaminar
layer which constitutes the wall of the blastocyst.

The just completed blastoeyst of Dasyurus is a spherical
fluid-filled vesicle measmring abont *4 mm. i diameter (P13,
figs. 27-29, PL. 6, figs. 61, 62), and iuvested externally by
the thin zona and the shell-membrane ((0075—0078 mm. in
thickness). The albumen layer has completely disappeared,
and the shell-membrane, zona, and cellnlar wall are from
withont inwards in intimate apposition. The smallest com-
plete vesicles which I have examined measure *39 mm. in
diameter (figs. 27, 61), aud in one of these I find the cellular
wall consists approximately of about 108 eells. In four other
cggs of the same diameter and from the same female the wall
of the blastocyst is us yet incomplete at the lower pole (fig.
31, Lp.), and in these, rongh connts of the cells yielded the
following respective numbers—89, 93, 121, 128.  In another
also incomplete blastoeyst of the same batch, +1 mwm. in
diameter (fig. 32), the cellnlar wall consists of abont 130 cells.
The largest complete blastocyst in this same bateh measured
19 . in diameter, so that we have a range of variation iu size
of the just completed blastocyst extending from *39 to 49 mm.

The unilaminar wall of the blastoeyst consists of a con-
tinnous layer of more or less flattencd polygonal cells (figs.
27-29, 61, 62) lying in intimate contact with the zoua, itself
closely applied to the shell-membrane. Over the lower hemi-
sphere the non-formative cells are on the whole larger and
plumper than the formative cells of the upper hemisphere,
and in swrface examination they appear somewhat denser
owing to the fact that they possess mneh more marked peri-
nuclear zones of dense eytoplasm than do the formative cells
(cf. fig. 63, representing a "6 mm. vesicle). In sections,
however, this latter difference is much less obvious, indeed,
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18 hardly, if at all, detectable, so that one has to depend
partly on the relative thickness of the cells, partly, and,
indeed, mainly, on the yolk-body in determining which
hemisphere is which.

The blastocyst cavity is tensely filled by a coagnlable fluid
derived from that poured into the uterine lnmen through the
secretory activity of the uterine ylands. Also situated in the
blastocyst cavity, in contact with the inner surface of the
wall 1n the region of the upper pole, is the spherical yolk-
body (fig. 29, y.b.). It becomes overgrown and enclosed iu
the blastocyst cavity as the resalt of the completion of the
cellular wall over the upper polar region, much in the same
sort of way as the yolk in the meroblastic egg becomes
enclosed by the peripheral growth of the blastoderm. In the
majority of my sections of early blastocysts the yolk-body
has been dragged away from contact with the formative cells
through the coagulation of the albnminous blastocystic fluid,
and Hes more or less remote from the wall enclosed by the
coagulum, except on the side next the upper hemisphere (fig.
31, y.b., c.g.). In two instances, one of which is shown in
fig. 32, I find the yolk-body had become so firmly attached to
one of the formative cells that the coagulum formed during
fixation failed to detach it, and only succeeded in drawing it
out to a pear-shape.

The yolk-body, it may here be mentioned, persists for a
considerable time in the blastocyst cavity; I have found it
shrunken indeed, but still recognisable, in relation to the
embryonal area in vesicles 456 mm. in diameter. And
there may even appear within it peripherally, irregular strands
which stain deeply with iron-hwmatoxylin and which recall
those forming the peripheral deutoplasmic network of the early
blastomeres. Eventnally, however, it seems to disappear, its
substance passing into the blastocystic luid, so that, as already
remarked, it fulfils in this indirect way its original destiny.

Normally the cavity of the just completed blastocyst con-
tains no cellular elements whatever. In one otherwise
perfectly normal blastocyst (‘39 mm. diam.) I find present,
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liowever, a small spheroidal body 028 mm. in diameter,
composed of glassy-looking eytoplasm enclosing a central
deeply staining graunle. This I interpret as a cell or cell-
fragment which has been accidentally separated off from the
wall, and which has undergone degeneration. In later
blastocysts sueh cellular bodies exhibiting more or less
evident sigus of degencration are of fairly common occuor-
rence. They are of no morphological significance.

Selenka’s “Blastopore.”—Normally the wall of the
blastocyst is first completed over the upper hemisphere, in
correspondence with the fact that the formative cells not
only divide somewhat more rapidly than the non-formative
but have a smaller extent of surface to cover, since the upper
cell-ring from which they are derived lies about midway
between the npper pole of the sphere formed by the egg-
envelopes and the equator of the same, whilst the lower cell-
ring from which the non-formative cells arise is approximately
equatorial in position. We thns meet with stages in the
formation of the blastocystic wall such as are represented in
surface view on Pl 3, fig. 30, and in section in figs. 31 and
52, in which the blastocystic cavity, prior to the completion
of the cellular wall over the lower polar region, is more or less
widely open below.  There can be no doubt, I think, but that
this opening corresponds to that observed by Selenka in his
42-celled ““ gustrula” of Didelphys and regarded by him as
the blastopore, since he believed the entoderm arose from its
lips. My observations conclusively show that it has no
connection whatever with the entoderm, this layer arising
from the formative region of the upper hiemisphere, and that
1L is & mere tewporary opening of no morphological signifi-
cance, blastoporic or other. Prior to the completion of
the wall at the upper pole a corresponding opening 1s tem-
porarily present there also. Both owe their existence to the
characteristic way in which the blastocyst wall is formed by
the spreading of the products of division of the two cell-rings
of the 16-celled stage towards opposite poles in contact with
the surface provided by the enclosing egg-envelopes.
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I have met with one specimen, an incomplete blastocyst
-39 mm. in diameter (bélonging to the samme batch as the
other blastocysts referred to in this section?), in which the
lower hemisphere would appear to have been completed before
the upper, for the yolk-body lies in contact with the zova in
the region where the cellular wall is as yet absent, and that
the yolk-body has not been secondarily displaced is proved by
a micro-photograph of the specimen in my possession (taken
immediately after its transference to the fixing solution), in
which the yolk-body is seen to lie at the unclosed pole in
exactly the same position as in the sections.

In connection with this exceptional specimen, it may be
recalled that Selenka, in his 63-celled ¢ gastrula” of Didelphys
(fig. 10, Taf. xvi1), figures the wall as complete at the lower
pole, the ““blastopore”” having already closed, but as still in-
complete at the upper pole, there being presenta small opening
leading into the blastocyst cavity. In the42-celled “gastrula”
(ig. 8, Taf. xvii) this same opening and the “blastopore” as
well are present. The occurrence of these openings at
opposite poles, and the general agreement in the constitution
of the blastocyst wall (larger, more yolk-rich cells at lower
pole, smaller, less yolk-rich cells at npper), in the corre-
sponding stages in Didelphys and Dasyurus justify the con-
clusion that the blastoeyst of the former develops in the same
way as does that of the latter. It is worthy of remark,
however, that the just completed blastocyst of Didelphys
appears to be considerably smaller than that of Dasyuarus.
Selenka unfortunately gives no measurements of his early
stages, but I have calculated from the figure, the magnification
of which is given, that the 68-celled blastocyst has a diameter
of about 137 mm. The corresponding stage of Dasyurus
measures about *39 mm., and is therefore nearly three times as

large.

! This batch, from female 2 B, 16 . vii . ‘01, comprised altogether
twenty-eight eggs, of which some eighteen were normal complete and
mcomplete blastocysts (39—49 mm. in diameter) and ten abnormal, four
of these being unsegmented ova.
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Selenka’s Urentodermzelle—Whilst the 42- and 68-
celled blastocysts described by Selenka may be regarded
as normal so far as the occurrence of polar opeunings and
the constitntion of their wall are concerned, I hold them to be
abnormal in respect of the presence in each of a single large
yolk-laden cell, regarded by Selenka as entodermal in signifi-
cance. It is well to point out that Selenka was not able
actually to determine the fate of this cell; he merely presumed
that it took part in the formation of the definitive entoderm.
No such cell ocenrs in normal blastocysts of Dasynrns at any
stage of development, and in my opinion Selenka’s “urento-
dermzelle” is none other than a retarded aund displaced
blastomere, i.e. a blastomere which has failed for some
reason to divide, and which has become secondarily enclosed
by the products of division of its fellows, and I am

<

strengthened in this interpretation by the occurrence in
an abunormal blastocyst of Dasyurus of just such a large
cell as that observed by Nelenka. The vesicle in question
1s one of the batch alveady referred to, and measured 397 mm.
in diameter.  The cellular wall {(tig. 37) 1sappavently normal,
but is incomplete at one spot, and the gap so left 1s occapied
by a large binueleated cell, vich in deutoplasi and measuring
‘12 x 072 mm. (lig. 37, abn.). This cell corresponds in its
size and cytoplasmic characters with a non-formative blasto-
mere of about the 16-celled stage, and | regard iv simply as
a blastomere which has faled to undergo normal division.
In another abuormal blastocyst (‘89 mwm. diam.) from the
same batel, the ecllular wall appears complete and normal,
but the blastocyst cavity contains a group of about sixteen
spherical cells averaging about "032 wnn. in diameter, and in
yet another abnormal egg of the same diameter and batch
there is present an incomplete layer of flattened cells over
one hemisphere, and towards the opposite pole of the egg-
sphere theve occurs a group of spherical cells of variable size
and some of them multinucleate.  In this abnormal egg it
appears as if the formative cells had divided in fairly normal
fashion, whilst the non-formative eells had failed to do so.
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CHarrer IV.—Growrd or THE DLASTOCYST AND DIFFERENTIA-
ToX oF 1HE EaBryYoNan ECcroperd axn 1ne ExTonERM.

I Growth of the Blastoevst.

In the preceding chapter we have seen that the cleavage
process in Dusyurus vesnlts in the formation of a small
spherical vesicle, about 4 nm. in diameter, which consists,
mternally to the tnvestment formed by the apposed zona and
shell-membrane, <imply of w eellular wall, wuilininar throngh-
out its entire exteut, and enclosing w tHuaid-filled cavity
normally devoid of any cetlular elewents. The stage of the
just completed bluztoey=t 1x followed by o veriod of active
growth ot the same, and 1t Is a noteworthy feature 1 the
development of Dasvirus that durving this time the blastoceyso
undercoes o essential structwral chauge, but renmins uni-
Fanmnar until 1t has veached a diqweter of from 5 1o 55 m.
Even during cleavace, the cue of Dasvirus increases iu
diameter, partly owinge to the thickening of the <hell mem-
brane, partly, and, mdeed, muinly, ax the resuit of the sccumau-
lation of uterine luid nuder pressure within the egy-envelopes,
but the merease due to these causes combined s relatively
msigniticant, being only about *1 mm. A~ =oon, however, as
the cellular wall of the blistoevst is completed, rapid growth
set in, under the intluence of the hydrostatic pressure of the
fuid, which tensely fills the blastoeyst cavity, with the result
that the =mall relatively thick-walled blustocyst becomes
converted into a Luge extremely thin-walled vestele, but
beyond becoming very attennated, the cellulve wall daring
this period of active crowth nudervoes no essential change,
amd retains itz unilannar character il the blastoeyst, as
already mentioned, has veached o dinneter of from 45 to 575
mui.  In vesicles of about this size there becowe ditferentiated
from the formative ceils of the upper hemizphere the en-
bryonal ectoderm and the entoderm, and this latter layer then
eradually spreads round iuside the non-formative (extra-
embrvonal ectodermal) layer of the lower hemisphere ~o as to
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form & complete lining to the blastocyst, which thereby
beecomes bilaminar., Such a marked enlargement of the blasto-
cyst prior to the differentiation of the embryonal ectoderm
and entoderm as is here described for Dasyurus does not
apparently oceur, so far as known, in other Marsupials : in
Perameles, for example, the embryonal ectoderm and the
entoderm are in process of differentiation in vesicles a little
over 1 mm. in dianmeter (v. p. 77), in Macropus these two layers
arve already fully established in a vesicle only '8 mum. in
diameter (v. p. 79), and muel the same holds good for T'richo-
surus and Petrogale. It is paralleled by the marked growth
which in the Monotremes follows the completion of the blasto-
cyst and which precedes the appearance of embryonal differ-
entiation. It must be remembered, however, that the growing
blastocyst in the Monotreme is biluminar and not unilaminar
as in Dasynrus, owing to the fact that the entoderm is estab-
lished as a complete layer at a very much earlier period than
is the case in the latter. T am nevertheless inclined to regard
the attainment by the Dasyurus blastocyst of a large size,
prior to the differentiation of the embryoual ectoderm and the
entoderm, as a more primitive condition than that found in
other Marsupials. The pronounced hypertrophy which the
uteri of Dasyurus undergo during the ecarly stages of gesta-
tion, an hypertrophy which appears to be proportionately
greater than that met with in other forms,! 1s no doubt to be
correlated with the presence in them of such a considerable
number of actively growing blastocysts.

Selenka states (Ieft 5, p. 180) that he examined seven
blastocysts of Dasyurus % mm.” in diameter, taken from a
female fifteen days after copulation. He deseribes their
structure as follows: “ Man unterscheidet (1) eine sehr
zarte iussere, flOll]()gelle Haut  (Granulosamembran), (2)

! For example, the uteri of a female (5, 18 . vii . '01) from which I
obtained twenty-one normal vesicles, 45-6 mm. in diuneter, with the
embryonal avea definitely established, measured as follows : Left uterus,
45 X 47 X I'4 e, (fonrteen vesicles) ; right uterus, 4:5 X 42 x 145 c¢m.
(seven vesicles and one shrivelled).
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darunter ein Lager von Ektodermzellen, welche im Gebiete
des Embryonalschildes prismatich, am gegeniiberliegenden
Pole nahezn kubisch, im iibrigen abgeplattet erscheinen, (3)
ein inneres znsammenhiingendes Lager von abgeflachten Ento-
dermzellen.” This deseription, apart from the veference to
the thin shell-membrane, is entively inapplicable to blastocysts
of Dasyurns of the mentioned size which 1 have stndied.

I have examined a practically complete series of vesicles of
Dasyurns ranging from -4 m. to 4 mm. in diameter and all of
them withount exception are unilaminar.

Of vesicles under 1 mm. diameter I possess serial sections
of more than two dozen, ranging from *5 mm. to ‘8 mm. in
diameter, and obtained from three different females. These
differ structurally in no essential respect from the just com-
pleted blastocysts. A surface view of a blastoeyst ‘6 mm. in
diameter is shown in fig. 63, PL. 6; m this the difference in
the cytoplasmic characters of the cells of opposite hemispheres
is eclearly bronght out, the non-formative cells of the lower
hemisphere having much more marked perinuclear zones of
dense cytoplasm (deutoplasm) than the formative cells of the
upper hemisphere ; moreover, the former cells tend to be of
larger suoperficial extent than the latter. IFig. 34, Pl 3,
represents a section of a blastocyst *57 mm. in diameter, and
fig. 35 a section of one *73 mm. in diameter. These blasto-
cysts differ in no essential way from the "43 mm. blastocyst
represented in fig. 33. As in the latter, the cellular wall is
unilaminar throughout, but both it and the shell-membrane
have nndergoune considerable attenuation. Moreover in these
blastocysts, apart from the clue afforded by the shrivelled
yolk-body, it is practically impossible to determine from the
sections which is morphologically the upper hemisphere and
which the lower. In fig. 36, from a -6 mm. blastocyst, on the
other hand, the cells of the hemisphere opposite the yolk-body
(y.b.) are larger than those of the hemisphere adjacent to
which that body is situated. In the ‘57 mm. blastocyst the
shell-membrane has a thickness of *0052 mm., in the *73 mum.
blastocyst 1t measures ‘0045 mm., and in a ‘84 mm. blastocyst
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‘0026 mmm. The zona is now no longer recognisable as an
independent membrane. In Dlastocysts of this stage of
growth a variable number of small spherical cells or cell-
fragments are frequent!y met with in the blastocyst cavity,
usually lying in contact with the inmer aspect of the cellular
wall (fig. 34, 7.c.). In some Dblastocysts such structures are
absent, in others one or two may be present, in yet others
numbers of them may occar. They may be definitely nncleated,
but this is exceptional ; more usnally they contain one or more
deeply staining granules (of chromatin?), or are devoid of
such. They are of no morphological importance, and I think
there can be no doubt that they represent cells or fragments
of cells which have been separated off from the cellular wall
daring the process of active growth. 'They are of common
occurrence in later blastoeysts, and it is possible the so-called
“yolk-balls 7 observed by Selenka in Didelphys are of the
same nature.

If we pass now to vesicles from 1 to 3 or 35 mm. in
diameter, we find the wall still unilaminar, but considerably
more attennated than it is in the blastocysts last referred to.
In a vesicle with a diameter of 1-24 mm. the shell-membrane
has a thickness of about -0015 mm., whilst the cellular wall
has a thickness of only *0045 mm.  In a 35 mm. vesicle the
shell-membrane measures abont ‘0012 mm., whilst the cellular
wall ranges from *0018 to 0048 mm. in thickness. A small
portion of the wall of a vesicle, 2+4 mm. in diameter, is shown
in PL 6, fig. 64, In these later vesicles I have failed to detect,
either in snrface examination of the vesicles in toto or in
sections, any regional differences between the cells indicative
of a differentiation of the wall into npper or formative, and
lower or non-formative, hemispheres. lverywhere the wall
is composed of flattened, extremely attennated cells, polygonal
in surface view, and all apparently of the same character. It
might therefore be supposed that the polarity, which is recog-
nisable in early blastocysts, and which is dependent on the
prononnced differences existent hetween the cells of the
upper and lower rings of the 16-celled stage, is of no funda-
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mental importance, since it apparently becomes lost at an
early period during the growth of the blastocyst.  Such an
assumption, however, wonld be very wide of the mark, as 1
hope to demonstrate in the next section of this paper, and,
indeed, in view of the facts already set forth, is an altogether
improbable one.

Reappearance of Polar Differentiation in the
Blastocyst Wall.—Following on the period of what may
be termed the preliminary growth of the blastocyst, in the
course of which the original polar differentiation in the
blastocyst wall apparently becomes obliterated, is an
extremely interesting one, during which that differentiation
again becomes manifest. In view of the fact (1) that the
fourth cleavage in Dasyurus is of the nature of a gnalitative
cytoplasmic division, and (2) that approximately one half or
rather less of the unilaminar vesicle wall is formed from the
eight smaller and less yolk-rich cells of the npper ring of the
16-celled stage, and its remainder from the eight larger
more yolk-rich cells of the lower ring, it thus becomes a
question of the first importance to determine if we can the
significance of that differentiation.

Amongst the Entheria, it has been conclusively shown by
various observers (Van Beneden, Heape, Hubrecht, Assheton,
and others) that there ocenrs daring cleavage an early
separation of the blastomeres into two more or less distinetly
differentiated groups, one of which eventually, by a process
of overgrowth, completely encloses the other. The peripheral
cell-group or layer forms the outer extra-embryonal layer of
the wall of the later blastocyst (the trophoblast of Hubrecht,
or trophoblastic ectoderm as I prefer to term it). It therefore
takes no direct part in the formation of the embryo, and may
be distinguished as non-formative. The enclosed cell-group,
termed the inner cell-mass or embryonal knot, gives rise, on
the other hand, to the embryonal ectoderm as well as to the
entire entoderm of the vesicle, and may accordingly be dis-
tinguished as formative. May it not be, then, that we have
here at the fourth cleavage in Dasyurns a separation of the
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blastomeres into two determinate cell-gronps, respectively
formative and non-formative in significance, entirely compar-
able with, and, indeed, even more distinet than that which
oceurs during cleavage in the Entheria ? I ventnre to think
that the evidence bronght forward in this paper conclnsively
justifies an answer in the affirmative to that question.

If we assnme that the upper cell-ring of the 16-celled stage
in Dasyurns is formative in destiny and the lower cell-ring
non-formative, then we might naturally expect to find in the
unilaminar wall of the later blastocyst some differentiation
indicative of its origin from two distinct cell-gronps, and
indicative at the same time of the futnre embryonal and
extra-embryonal regions. Now just such a differentiation
does, as a matter of fact, become evident in vesicles 35 to
45> mm. in diameter. We have already seen that the wall in
early Dblastocysts 4 to '8 mm. in diameter exhibits a well-
marked polar differentiation in correspondence with its mode
of origin from the differentiated cell-rings of the 16-celled
stage, its upper hemisphere or thereabouts consisting of
smaller cells, poor in dentoplasm, its remainder of larger
cells, rich in deutoplasm. In later blastocysts, 1-3 mm. or
more in diameter, it is no longer possible to recognise this
distinction—at all events I have failed to observe it—but if
we pass to blastocysts 4°5 mm. in diameter, in which the wall
is still unilaminar, we find on careful examination of the
entire vesicle under a low power that there is now present a
definite continnous line, which encircles the vesicle in the

equatorial region so as to divide 1ts wall into two hemi-
spherical areas (Pl 4, fig. 38, j.L.). If we remove and stain
a portion of the wall of snch a vesicle, including this line,
and examine 1t microscopically (figs. 42-46), it becomes
apparent at once, from the disposition of the cells on either
side of the line, that we have to do with a sutural line or line
of junction produced by the meeting of two sets of cells,
which are pursning their own independent conrses of growth
and division. The cells never cross the demarcation line
from the one side to the other, but remam strictly confined
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to their own territory, so that we are justified in regarding
the vesicle wall as composed of two independently growing
zones. Now the existence of two such independent zones in
the unilaminar wall is, to my mind, only mtelligible on the
view that they are the prodnets of two originally distinct,
predetermined cell-groups, and if this be admitted, then I
think we are justified in concluding, in view of the facts
already set forth, that the two zones in question are derived,
the one from the npper cell-ring of the 16-celled stage, the
other from the lower ring; that, in other words, they repre-
sent respectively the upper and lower hemispheres of the
early blastocysts.

If, now, we find that the embryonal ectoderm and the ento-
derm arise from one of these two regions of the unilaminar
wall, whilst the other directly forms the outer extra-embryvonal
layer of the later (bilaminar) vesicle, then we munst designate
the former region as the npper or formative, and the latter as
the lower or non-formative. Further, bearing in mind the
characters of the cells of the two rings of the 16-celled stage,
[ think we are justified in holding that the formative region
1s dertved from the ring of smaller, less yolk-rich cells, and
the non-formative region from the ring of larger, more yolk-
rich cells, even if it is impossible to demonstrate an actnal
genetic continuity between the coustituent cells of these two
rings and those forming the independently growing areas of
the later blastocyst. I have recently re-examined a series of
vesicles, measuring 1'5-1'8 mm. in diameter, obtained from a
female killed in 1906, and I have so far found it impossible,
either in the entire vesicle or in portions of the wall stained
and mounted on the flat, to distinguish between the cells over
opposite hemispheres. Thus the only actual guide we have
for the determination of the poles in such vesicles is the
yolk-body, and though the latter is liable to displacement, it
is worthy of record that I have several times found it in
relation to the formative area in vesicles 4:5-6 mm. in
diameter, but never in relation to the non-formative region.
This evidence is, therefore, so far as it goes, confirmatory of
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the conclnsion reached above, viz. that the formative hemi-
sphere is derived from the smaller-celled ring of the 16-celled
stage. On that conclusion is based my interpretation of the
poles in the unsegmented ovum, and of the two cell-rings of
the 16-celled stage as respectively upper and lower.

Of vesicles over 1 mm. in diameter, the smallest in which I
have been able to detect the sntural line above referred to
measure 325 mm. i diameter. In three lots of vesicles, 35
mm. in diameter from three different females, [ have failed to
recognise it, whilst in two other lots, respectively 3:75 mm.
(average) and 4 mm. in diameter, the line appears to be
conrse of differentiation as in the 325 mm. vesicles. A
portion of the wall of one of the 3:5 mwm. vesicles just referred
to is shown in Pl 4, fig. 41, and a portion of the wall of the
325 mm. stage, including the sntnral line, in fig. 42.  Both
vesicles were fixed in the same fluid, viz. picro-nitro-osmic
acid, Comparison of the two figures reveals the existence, quite
apart from the presence of the junctional line i fig. 12, and its
absence in fig. 41, of certain move or less obvions differences
between them. In fig. 41 the cells are larger, and their cyto-
plasmic bodies are incouspicuous, being fairly homogeneous
and lightly staining. In fig. 42, on the contrary, the cell-
bodies are strongly marked, the cytoplasm being distinguish-
able mto a lighter-staining pevipheral zone, and a much more
deeply staining perinuclear zone, showing evidence of intense
metabolic activity. This latter zone is more or less vacuolated,
and contains, besides larger lightly staining granules, numerons
smaller ones of varying size, stained brown by the osmic acid
of the fixative. In the 4 mn. vesicles the cells show precisely
the same characters; in the 3:75 mm. vesicles, which were
fixed in a picro-corrosive-acetic fluid, the grannles are absent
from the eytoplasm, otherwise the cells are sihmilar to those
of the other two.  Mitotie figures are common. I'he sutural
line is recognisable in all three sets of vesicles (3:25, 3:75, and
4 mm.) (fig. 42, j.0.), but 1 cannot he certain that it runs con-
tinuonsly ronud, and it appears to have a rather more sinuons
course than in later blastocysts. The cells of the two regions
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of the blastocyst wall, separated by the sutural line, differ
somewhat in their characters. On one side of the line (fig.
42, tr.ect.) the ceils appear to be on the whole slightly larger,
and of more uniform size than they are on the other, and they
also stain somewhat more deeply. Comparisou with later
blastocysts shows that the region of more nniform cells is
non-formative, that of less nuiform, formative. At this stage,
however, the differences between the cells of the two regiouns
are as yet so little pronounced that it is practically impossible
in the absence of the sutural line to say to which hemisphere
an isolated piece of the wall should be referred.

I am iuclined to regard the sutural line in these vesicles as
being in conrse of differentiation, and judging from the dis-
position of the cells on either side of it, I think its appearance
1s to be correlated with the marked increase in the mitotic
activity of the cells of the two hemispheres which sets in
vesicles of 3—4 mm. diameter. The prelimiuary increase in
size of the blastocyst up to about the 3 mm. stage might be
described as of a passive character, i.e. it does not appear
to be effected as the result of the very active division of the
wall-cells, but is characterised rather by a minimnm of mitotic
division and a maximum of increase in surface exteut of the
cells, due to excessive stretching consequent on the rapid
imbibition of uterine fluid. Once, however, the requisite size
has been attained, the cells of the unilaminar wall commence
to divide actively, and doubtless as the outcome of that
wave of =zctivity, the sutural line makes its appearance
between the two groups of independently growing cells.

On the inner surface of the blastocysu wall, especially in
the region of the formative hemisphere, there are present
in these vesicles numbers of small deeply staining cells of
spherical form, and containing osmicated granules similar
to those in the wall-cells. They may occur singly or in groups,
and appear to me to be of the same nature as the internal cells
of the earlier blastocyst. In addition to these cells, there are
present clusters of cytoplasmic spheres, staining similarly to
the spherical cells, and apparently of the nature of fragmenta-
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tion products formed either directly from the wall-cells or
from these iternal cells.

2. Differentiation of the Embryonal Ketoderm and
the Entoderm.

After the preliminary growth in size of the blastocyst is
completed, the next most important step in the progressive
development of the latter is that jnst dealt with, involving
the appearance of the sutural line, with resnlting re-establish-
ment of polar differentiation in the blastocyst wall. Following
on that, we have the extremely important period during
which the embryonal ectoderm and the entoderm become
definitely established.

For the investigation of the earlier phases of this eritieal
period T have had at my disposal a large number of
unilaminar blastocysts dervived from three females, dis-
tinguished in my notebooks as [3, 25 . vii . ’01, with fifteen
vesicles of a maximum diameter of 4°5 mm.; 8. vii .’ 99, with
twelve vesicles, 4°5 mm. in diameter; and 6 . vii . 04, with
twenty-two vesicles, 4'5 and 5 mm. in diameter. These three
Jots of vesicles may for deseriptive purposes be designated
as 01, 99, and 04 respectively.

The 01 vesicles are distinetly less advanced than the
other two. The sntural line 1s now, at all events, definitely
continuons, and ecan readily be made ont 1n the intact vesicle
with the aid of a low-power lens (Pl 4, fig. 38, j.l.), but,
the differences hetween the eellnlar constitnents of the two
hemispheres which it separates are mnch less obvions than
they are in the ’99 and ’04 vesieles. Here, agaln, one
hemisphere formmg half or perhaps rather more of the entire
vesicle 1s distingnished from the other by the greater uni-
formity and the slightly deeper staining charvacter of its
coustituent eclls (figs. 43 and 44, tr. cet)).  This hemisphere,
snbsequent stages show, ig the lower or noun-formative
hemisphere. It is characterised especially by the striking
uniformity in the size of its cells. Over the opposite hemi-
sphere, the upper or formative one (figs. 43 and 44, f.a.), the
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cells are more variable in size, the nuclei thus appearing less
uniformly and less closely arranged, and they stain, on the
whole, somewhat less deeply than those of the lower hemi-
sphere. The non-formative cells are on the average smaller
than the largest of the formative ceils, but they are more
uniform in size, and their nuclei thus lie at wmore regular
distances apart, and appear more closely packed. They are
also richer in deutoplasmic material, and =0 stain rather more
deeply than the formative cells. Sections show that the
cellular wall is vnilaminar throuchont 1tz extent, and that,
whilst it iz somewhat thicker than that of 3-5 mm. vesicles,
it is still very attenuated, 1ts thickness, including the shell-
membrane, ranging from ‘004 to *003 mm. I have examined
a number of series of sections taken through portions of the
wall known to include the sntural line, and find it quite
impossible to locate the position of the latter; indeed, I
cannot certainly distinguish between the formative and non-
formative regions.

In the blastocyst cavity,.lving in contact with the inner
surface of the wall, and most abundant in the region of the
formative hemisphere, there ave present numbers of deeply
staining spherical cells with relatively small nuclei similar to
those described in connection with the 3:25 mm. vesicles.
They occur singly or in groups, and may appear quire normal
or may show more or less evident signs of degeneration.
Their nuclei may stain deeply and hemogeneously, or may be
represented by one or two deeply staining granules, vacuoles
may occur in thelr cytoplasm,and spherical cyroplasmic masses
of very variable size, with or without deeply staining granules
of chromatin, may occur along with them. In sections and
preparations of the wall of these and other 45 mm. vesicles
there are to be found, in both the formative and non-formative
hemispheres, small localised areas from which such spherical
cells are being proliferated off in numbers together. 12, 5
fig. 17, from the formative liemisphere of an ’04 vesicle shows
one of the most marked examples of such proliferative activity
that I have encountered. A similar but smaller proliferative
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area accurs on the non-formative hemisphere of the same
vesiele.

These spherical cells are, I am convineed, of no morpho-
logical importance, and are destined sooner or later to de-
generate. They have certainly nothing to do with the
entoderm, the parvent-cells of that layer arising exclusively
from the formative hemisphere and not from cells such as
these, which are budded off from both hemispheres. The fact
that they are, in nnilaminar vesicles, more numerous over the
formative hemisphere may perhaps be taken as an indication
of the greater mitotic activity of the formative as compared
with the non-formative cells.

The Primitive Entodermal Cells.—Iollowing closely
on the stage represented by these 01 blastoeysts is the ex-
tremely 1important one counstituted by the "99 aund ’0+4 vesicles
before referred to.  This stage is the crucial one in primary
germ-layer formation, and marks the transition from the uni-
laminar to the bilaminar condition, since in 1t the entodermal
cells are not only distinctly recognisable as constituents of the
formative region, but are to be seen both in aetnal process of
separation from the latter and as definitely iuternal cells, fre-
quently provided with, and even counected together by,
pseudopodial-like processes of their cell-bodies. Such cells
are already present in the 01 vesicles (fig. 71), and probably
also in the blastoeysts in whieh the sutural line first makes
its appearance, but are mnch less conspicuons than in these
older blastoeysts.

The "99 blastoeysts are distinetly more advanced than the
’01 batch and are just a little earvlier than the 704 lot.  The
former measured, as already mentioned, 45 mm. in diameter,
the latter 45 and 5 mm. (the majority being of the latter
size). Iu my notes on the intact *99 vesicles [ find it stated
that one hemispliere, forming rather less than half of the
entire extent of the vesicle wall, appeared somewhat denser
than the other, the sutural line marking the division between
the two. I naturally inferred at the time that the denser
hemisphere corresponded to the embryonal region of the
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Eutherian blastocyst and the less dense to the extra-embry-
onal region of the same, but just the reverse proves to hold
true for the 04 vesicles, the formative hemisphere in these
appearing less dense than the non-formative. I cannot now
test my former inference by direct observation since I do not
appear to have any of the ’99 vesicles left intact, but amongst
my in toto preparations of tle vesicle wall T find one
lubelled as from the ‘“lower pole” which unmistakably
belongs to the formative hemisphere, hence I counclude that
the denser and slightly smaller region which I orviginally
regarded as formative is really non-formative, a conclusion
which brings the ’09 vesicles into agreewment with the *04
batch.

In these latter vesicles the sutural line and the two regions
of the wall can be quite readily made out on carefnl examina-
tion under a low power with transmitted light. The one
region appears slightly denser (darker) and has more closely
arranged nuclel (1. e. is composed of smaller cells) than the
other. On the average this denser region appears to he
rather the less extensive of the two; the two regions may be
about equal ; on the other hand the denser may be the smaller.
Iixamination of stained preparations of the wall demonstrates
that the darker hemisphere i1s non-formative, the lighter,
formative. 1t would therefore seem that in certain of these
’04 vesicles the formative region has grown more rvapidly than
the nou-formative.

In stained preparations of the wall both of the ’99 and ’04
vesicles, the differences between the two hemispheres are now
so well marked that there is no difficulty in referring even an
isolated fragment to its proper regiou. The non-formative
hemisphere differs in no essential way from that of the 01
vesicles, and as in these, is readily distinguishable from the
formative by the much greater uniformity in the size and
staining properties of its cells (fig. 43), as well as by the fact
that there are no primitive entodermal cells such as occur in
relation to the formative hemisphere, in connection with it.
Its constituent cells are on the average distinctly smaller than
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the largest of the formative ; their nuclei lie nearer each other,
with the result that in surface examination of the blastocyst
the non-formative region appears rather denser than the
formative. In in toto preparations of the wall the former
usually stains darker than the latter (fig. 45), but this is nov
always the case; in fig. 46, from an ’04 vesicle, there is
practically no difference in this respect between the two
regions ; in yet others of my preparations of 99 vesicles the
formative region has stained more deeply than the non-
tormative.

The formative hemisphere in the earlier blastocysts of this
particnlar developmental stage was described (ante, p.31)as
differing from the non-formative in that its constituent cells
were much less uniform in character than those of the latter.
This same feature, but in much enhanced degree, characterises
the formative region of the vesicles nnder consideration, for it
can now be definitely stated that the latter region is consti-
tuted by cells of two distinct varieties, viz. (1) more lightly
staiming cells which form the chief constituent of the forma-
tive region, its basis so to speak, and which are on the
average larger than those of the other variety, and (2), a less
numerons series of cells, distinetly smaller than the largest
cells of the former variety, and with denser, more granular and
more decply staining cytoplasim, and frequently met with in
mitotic division (¢ f. PL 6, fig. 63). The two varieties of cells are
intermingled promiscuously, the smaller cells occurring singly
and in groups but in a quite irregular fashion, so that here
and there we meet with patches of the wall composed exclu-
sively of the larger cells.

The evidence presently to be adduced shows that the larger
cells furmsh the embryonal ectoderm, and that the smaller
cells give origin to the primitive entodermal cells from which
the definitive entoderm avises.  The smaller cells may there-
fore be regarded as entodermal mother-cells.  Whether these
latter cells are progressively formed from the larger cells
simply by division, orwhether the two varieties become
definitely differentiated from cach other at a particular stage in
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development, must for the present be left an open question. Of
the actnal existence in the unilaminar fornative region of these
’99 and 04 blastocysts of two varieties of cells, respectively
ectodermal and entodermal i significance, there can be no
doubt. In preparations of the formative region, however,
whilst one can without hesitation identify certain cells as
being m all probability of ectodermal sigmficance and others
as prospectively entodermal (cf. figs. 65, 66), it mnst be
admitted that one is often in doubt as to whether one is
dealing with small ectodermal cells or with genuine ento-
dermal mother-cells. 1t 1s, therefore, hardly to be wondered
at that I have not yet been able to satisfactorily determine
at what precise period the entodermal mother-cells first
become differentiated, though judgiug from the facts that
in the earliest vesicles 1 which the sutural line 1s recognis-
able one region of the wall already differs from the other in
the less uniform size of its constitnent cells, and that iternally
sitnated entodermal cells are already present in small numbers
m the 01 vesicles (fig. 71), I mchne to the belief that it
will probably be found to about coincide with the first
appearance of the sutural line. To this question I may
perhaps be able to return at some future time.

In addition to the presence of these entodermal mother-
cells, which enter directly into its constitution, the formative
region of the 99 and 04 blastocysts is characterised by the
occurrence on its inner surface of definitely internal cells,
which generally agree with the former cells as regards size
and staining properties and are evidently related to them. It
1s these internally situated cells which directly give origin to
the definitive entoderm of the later blastocysts, and one need,
therefore, have no hesitation in applying to them the designa-
tion of primitive entodermal cells. They are exclusively found
m relation to the formative hemisphere, and appear in in toto
preparations as flattened, darkly staining cells closely applied
to the inner snrface of the unilaminar wall, and disposed quite
irregnlarly, singly, and in gronps. They vary greatly in
number in blastocysts of even the same batch, but on the
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whole are most abundant in the ’04 series, and they also
exhibit a remarkable range of variation i shape. They may
have a perfectly distinct oval or rounded outline (figs. 67, 71,
72), or, as is more frequently the case, they may lack a
determinate form and appear quite like amaboid cells owing
to their possession of cytoplasmic processes of markedly
pseudopodial-like character (fig. 69). Frequently, indeed,
the cells are connected together by the anastomosing of these
processes, so that we have formed in this way the beginnings
at least, of a cellular reticulnm (figs. 63, 69, 70).

The question now arises, How do these primitive ento-
dermal cells originate from the small, darkly staining cells of
the unilaminar formative region designated in the foregoing
as the entodermal mother-cells 7 I can find no evidence that
the primitive entodermal cells are formed by the division of
the mother-cells in planes tangential to the surface; on the
contrary, all the evidence shows that we have to do here with
an actual inward migration of the mother-cells, with or with-
out previous mitotic division, such inward migration being
the outcome of the assnmption by the mother-cells, or their
division produects, of ameboid properties; in other words, the
evidence shows that the formation of the entoderm is effected
Lere not by simple delamination (using that term in the sense in
which it was originally employed by Lankester), but by a pro-
cess involving the inward migration, with or without previous
division, of certain cells (entodermal mother-cells) of the uni-
laminar parent layer, a process comparable with that found in
certain Iuvertebrates (Hydroids) and distingnished by Metsch-
nikoff as “ gemischte Delamination.”

In this connectionit has to be remembered that the cells of
the unilaminar wall of the blastocyst are under considerable
hydrostatic pressure, and, in correlation therewith, tend to
be tangentially flattened, though the flattening in this stage
1s much less than in the earhier blastocysts.  I'rom a series of
measurements made from an "04 vesicle, I find that over the
formative region the ratio of the breadth to the thickness of
the cells varies from 6 : L to 2 : 1, and even to 3 : 2. On the
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whole cells of the type indicated by the ratio 6 : 1 predominate,
and we shonld hardly expect to find such cells dividing tangen-
ttally. In fact, the only nndoubted examples of such division I
have met with occur in the single abnormal vesicle present in
the 04 batch. In this particular vesicle, which had a diameter
of 3 mm. and was thus smaller than the others, there was
present on what appeared to correspond to the formative
hemisplere of the normal blastocyst a well-defined and con-
spicnous ovalish patch, 123 x 99 mm. in diameter.! Sections
show that over this area the cells of the unilaminar wall ave
much enlarged and more or less cubical in form, their thick-
ness varying from ‘012 to 019 mm. These cubical cells
exhibit distinct evidence of tangential division, both past and
in progress. But in normal vesicles, whilst mitotic figures are
quite commonly met with in the cells of the formative region
(in whiclk, indeed, they are more numerous than in those of
the non-formative region), I have failed to find in my sections
after long-continued searching even a single spindle disposed
divectly at right angles to the shell-membrane; the mitotic
spindles lie disposed either tangentially to the surface or
obliquely thereto.

For the determination of the mode of origin of the
primitive entodermal cells, it 1s absolutely necessary to
study both in toto preparations of the formative region,
i.e. small portions of the unilaminar wall stained and
mounted on the flat, and sections of the same. Sections alone
are, on the whole, distinctly disappointing so far as the
question under discussion is concerned, and, indeed, give one
an altogether inadequate idea of the primitive entodermal cells
themselves, seeing that practically all one can make ont 1s that

1 Curiously enough. amongst the '99 vesicles there also occurred
a single small one, likewise 3 mn. in diameter, and with a thickened
patch 123 X 1 mm. in diameter, quite similar in its character to that
described in the text. I am as yet uncertain whether the thickened
area in these two vesicles represents the whole of the formative hemi-
sphere of normal blastocysts or only a hypertrophied part of the same,
or whether, indeed, it may not represent the retarded non-formative
hemisphere.
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there are present, in close apposition with the inner snrface of
the unilaminar wall, small, darkly staiing cells, apparently
quite isolated from each other and usually of flattened form
(figs. 73, 7, 76, ent.).  Oune has only to glance at a well-
stained in toto preparation of the formative region (cf.
fig. 70) to rcalise how inadequate such a description of the
primitive entoderm eells really is.

Sections nevertheless do yield valuable information on
certain points. Besides affording the negative evidence of
the abscnee of tangential divisions and the positive evidence
that the primitive entodermal cells are actually internal (figs.
73, 74, 76), they show that growth of the wall in thickness
has already set 1, and that it is most marked over the
formative regiou, though the thickuess attained by the cells
1s as yet very unequal (figs. 73-76). Measurements taken
from an ’04 vesicle show that over the nou-formative region
(fig. 77) the cells vary in thickness from 006 to *009 wmm.,
whilst over the formative region the range of variation is
greater, viz. from *006 to *013 mm., so that we may conclude
that the latter region is on the average thicker than the
former (ef. figs. 73-76, with fig. 77 depicting a small portion
of the non-formative region). It is still impossible to deter-
mine the position of the sutural line, eveu in sections of
fragments of the wall known to coutain it.

The entodermal mother-cells are not very readily recog-
nisable in sectious. In fig. 75, however, which is drawn
from an aceurately transverse section tlrough the formative
region of an ’0-} vesicle, there is depicted what is undoubtedly
an entodermal mother-cell (ent.).  The interesting point
about this particnlar cell is that its cell-body, whilst still
intercalated between the adjoining cells of the unilaminar
wall, has extended inwards so as to divectly underlie one of
the wall-cells.  Division of such a cell as this would neces-
sarily resule in the prodnction of an internally situated cell
with all the relations of one of the primitive entodermal type.
The inwardly projecting spheroidal cell situated immediately
to the left (in the figure) of the one just referred to, I also



THE EARLY DEVELOPMENT OF THE MARSUPIALIA. 61

regard as an entodermal mother-cell. Cells of this type are
not infrequently met with in sections; they usnally stain
somewhat deeply, and are often found in mitosis.

The evidence obtainable from the study of in toto pre-
parations conclusively proves that some at all events of the
primitive entodermal cells are actually derived from the ento-
dermal mother-cells much in the way suggested above, whilst
others of the primmtive entodermal cells are directly formed
from mother-cells which bodily migrate inwards.

g, 65, Pl. 6, represents a small portion of the formative
region of an’04 vesicle viewed from the inner surface. In
the centre of the figure, surrounded by the larger, lighter
staining (ectodermal) cells of the wall, is a smaller cell in the
telophases of division, the cytoplasm of which is granular and
stains deeply. That cell unmistakably forms a constituent of
the nnilaminar wall. I regard it as an entodermal mother-
cell.  Fig. 66 shows another cell of the same character in the
anaphases of division, which likewise forms a constituent of
the unilaminar wall, but which differs from the corresponding
cell in fig. 65 in that its cytoplasmic body has extended out
on one side (lower in the figure), so as to directly underlie
part of an adjacent ectodermal cell. In other words we have
heve a surface view of the condition represented in section in
fig. 75, only the entodermal mother-cell depicted therein is not
actually in process of division. Fig. 67, taken from the same
preparation as fig. 65, shows what I take to be the end result
of the division of such a cell as is represented in the two
preceding figures. Here we see two small deeply staining
cells towards the centre of the figure, which from their dis-
position and agreement in size and cytological characters
are manifestly sister-cells, and the products of division of
just such an entodermal mother-cell as is represented in fig.
65, or, better, fig. 66. The one cell (npper in the figure) is
more angular in form and manifestly still lies in the uni-
laminar wall ; the other (lower 1n the figure) is ovalish in form
and is no longer a constituent of the unilaminar wall, but is
on the contrary a free cell, definitely internal both to the
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latter and to its sister-cell. It is, in fact, a primitive ento-
dermal cell, as comparison with fig. 68 proves,and that it has
been formed by tlie division of a mother-cell sitnated in the
unilaminar wall can bhardly, T think, be doubted.  Its sister-
cell, which is still a constituent of the wall, would presnmably
have migrated inwards some time later.

It is to be noted that the primitive entodermal eell referred
to above and those depicted in figs. 71 and 72 are definitely
contoured, ovalish and rounded cells, entirely devoid of pro-
cesses. In these respects they differ markedly from the ento-
dermal cells shown in figs. 63-70, which are very variable in
forin owing to their possession of more or less elongated
pseudopodial-like processes. It might therefore be inferred
that the formation of these processes only takes place after
the entodermal cells have become definitely internal.  Such
an inference, however, would be incorrect, for I have abundant
evidence showing that snch processes may be given off from
the entodermal mother-cells whilst they are still constitnents
of the wall.  In in toto preparations, it is often difficult to
determine with eertainty whether a partieular entodermal cell
still enters into the constitntion of the unilaminar wall or not.
In the portion of the formative region of a ’0-k vesicle depicted
in fig. 70, however, I am satisfied that all the euntodermal
cells therein shown (they are readily distinguishable by their
smaller size and more deeply staining character) ave, with the
possible exception of the one on the extreme right, at least
partially intercalated between the larger ectodermal cells of
the wall. Some of them are entirely sitnated in the wall;
others have extended inwards in varying degree so as to
partially underlic the ectodermal cells. It is these latter
entodermal cells in particular which exhibit the cytoplasmic
processes above referred to.  As the figure shows, these pro-
cesses have all the characters of psendopodia; they vary in
size, form, and number from cell to cell, individnal processes
may be retienlate and their finer prolongations may anasto-
mose with those of others, and they are formed of cytoplasm,
less dense and rather less deeply staining than that of the
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cell-bodies from which they arise. Attention may be specially
directed to the cell towards the left of the figure (marked ent.).
Here we have an entodermal cell whose cytoplasmic body is
evidentlystill partially intercalated between the cellsof the wall,
but which is, at the same time, prolonged inwards (towards
the left) so as to nnderlie the adjoining ectodermal cell.
From this inward prolongation there are given off two slender
processes, one short and tapering, the other very much
longer ; this latter, after becoming very attennated, gradually
widens to form an irregular fan-shaped expansion, sucker-
like in appearance, and produced into several slender
threads, which 1s sitnated adjacent to the nucleus of
the ectodermal cell on the extreme left. Then from the
right side of the same cell there is given off a small inwardly
projecting bulbous lobe which may well be the start of just
such another process as arises from the left side. Processes
of the pecnliar sucker-like type just described, formed of a
slender elongated stem and a distal expanded extremity from
which delicate filamentons prolongations are given off, are
abnndantly met with in preparations, and strikingly recall the
pseudopodia of varions Rhizopoda. They are seen in con-
nection with other entodermal cells in fig. 70, and with many
of those in fig. 68. T regard them as veritable psendopodia.
Towards the right side of fig. 70 the two entodermal cells
there situated stand in direct protoplasmic continuity by
means of two slender connecting threads, whilst the upper of
these two cells is again joined by a very fine process to the
irregular prendopodial expansion which arises from one of
the two entodermal cells situated nearer the middle of the
figure, and that same expansion is dirvectly connected with the
second of the two entodermal cells just mentioned, so that we
have here established the beginning of a cell-network, prior
to the complete emancipation of its constituent entodermal
elements from the unilaminar wall. We have, then, clear
evidence that the entodermal elements in Dasynrns, prior to
their separation from the unilaminar formative region arve
capable of exhibiting amaboid activity, since not only may
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they send lobose prolongations of their cytoplasmic bodies
imwards below the adjacent ectodermal cells, but they may
emit more or less elongated processes of indnbitable psendo-
podial character, which similarly lie in contact with the inner
surface of the wall-cells. Kurthermore, we have evidence
that these pseudopodial processes may anastomose with each
other so as to initiate the formation of an entodermal reticnlum,
whilst the cells from which they arise are still constituents of
the unilaminar wall—an especially noteworthy phenomenon.
Certain of the primitive entodermal cells, as we have seen,
are at first devoid of such processes, but since they all
eventnally form part of a continuous reticulnm, it is evident
that the entodermal elements ave capable of emitting pseudo-
podial processes as well after as before their separation from
the formative region.

Finally, in view of the fact that the entodermal mother-cells
depicted 1 fig. 70 are not actnally in process of divizion, and
therein differ from those of figs. 65 and 66, we may conclude
that the formation of the primitive entodermal cells is effected
cither with or without the previons division of the mother-cells.

If we admit, as I think on the evidence we must admit,
that the entodermal cells in Dasyurns are endowed with
amewboid properties, then we are relieved of any fnrther
diffienlty in regard to the mechanism of their inward inigration
from the nnilamiar wall. Doubtless, in the case of those
entodermal mother-cells which do not undergo division, the
precocious formation of the ahove-desceribed psendopodial
processes wlieh spread out from the cells like so many
suckers considerably facilitates their direct detachment from
amongst the cells of the wall. In the case of those primitive
entodermal cells which originate as the direct products of
division of the mother-cells, it no doubt depends on a variety
of cirenmstances (e.g. actnal form of the dividing cell,
direction of the spindle, ete.) whether they exhibit ameboid
activity precociously (i.e. before their actual separation), or
only at a later period.

The entoderm varies considerably in its degree of diffe-



THE EARLY DEVELOPMENT OF THE MARSUPIALIA. 65

rentiation 1n different vesicles of this stage, and even in
difterent parts of the formative region of one and the same
vesicle. In some vesicles there are relatively few primitive
entodermal cells, in others they are much more abundant.
Fig. 68, from the formative region of an 04 vesicle, shows a
typical patch of them and illustrates very well the highest
stage of differentiation which they attain in these vesicles. The
entodermal cells thevein depicted all appear to be definitely
internal, and it is especially worthy of note that the portion
of the unilaminar wall in relation to them is composed excln-
sively of the larger, lighter staining cells. Tt is these cells
which directly form the embryonal ectoderm of the Llastocysts
next to be described. The entodermal cells are obvionsly
ameeboid in character (observe especially the cells near the
middle of the figure), and are in active process of linking
themselves together into a cellular reticnlun.  In fio, 69 is
shown a small portion of the formative region of another *04
vesicle. A single entodermal mother-cell in process of
division ocenrs i position in the unilaminar wall, which is
otherwise composed of ectodermal cells, whilst internally there
are present three entodermal cells, alveady linked together by
their psendopodial processes. The two lowermost cells afford
especially striking examples of ameeboid activity, the elongated
pseudopodial process of the cell on the eft terminating in a
well-marked reticulation in definite continuity with the corre-
sponding, but shorter and thicker process of the cell on the

right.

3. Iistablishment of the Definitive Embryonal
Area.

Following directly on the stage represented by the 04
blastocysts described in the preceding section is one desig-
nated in my listas 5,18 . vii. 01 and referred to here as 3,’01.
It comprises twenty-two blastocysts obtained from a female
killed fifteen days after coition and all normal, with the
exception of one which was shrivelled, and all in precisely
NEW SERIES. b}

voL. 50, rart 1.
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the same stage of development. They measnred from 45 to
6 mm. in diameter.

In this stage the formative region of the preceding blasto-
cvsts has become transformed into the definitive embryonal
area (embryonic shield, Hnbrecht) as the vesult of the com-
pletion of that process of inward migration of the entodermal
mother-cells which we saw in progress in the vesicles last
described, and the consequent establishment of the entoderm
as a continuons cell-layer nnderlying and independent of. the
embryonal ectoderm constitnted by the larger passive cells of
the original unilaminar formative layer.

In the entire blastocyst (PL 4, fig. 39) the embryonal area
is qnite obvions to the naked eye as the more opaque, hemi-
spherical vegion, forming rather less than half the entire
extent of the vesicle wall; the larger remainder of the same
is formed by the mnch more transparent, non-formative or
extra-embryonal region. Sections of the entire blastocyst
show (1) that the embryonal arca is bilaminar over its entire
extent, its onter layer consisting of embryonal ectoderm,
already somewhat thickened, its mnuch thinner inner layer
consisting of entoderm, partly still in the form of a cellular
reticnlnm, and (2) that the extra-embryonal vegion is still
unilaminar thronghont and composed of a relatively thin
layer of flattened cells (extra-cmbryonal or trophoblastic ecto-
derm, trophohlast [Hubrecht])? (P1. 8, fig. 78). "The entoderm
is co-extensive at this stage with the embryonal cctoderm,
and terminates in a wavy, irregularly thickened, free edge
(PL 5, fig. 49), which over most of its extent either directly
underlies or extends very slightly beyond the hine of junction
hetween the embryonal and extra-embryonal ectoderm. The
junctional Tine is thus not very easily seen. In fig. 48, however,

1 In consonanee with my conviction that this layer is homologous
both with the so-ealled trophoblast of Eutheriaand the extra-embryonal
ectoderm of Prototheria, and in view of the theoretical signification
whieh Hubrecht now insists should be attached to the term * tropho-
Dlast.” and which T am wholly unable to accept, I venture to suggest as
an alternative name for this layer that of ¢ tropho-ectoderm.’
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a small portion of the line shows with sufficient distinctness, [
think, to demonstrate its "identity with that of the preceding
stage.

The vesicle wall in all my sections of this stage appears
to be somewhat thinner than that of the 04 blastocysts, but
apart from this apparently variational difference the present
blastocysts are almost exactly intermediate between the latter
and those next to be described.

The embryonal ectoderm (fig. 78, emb. ect.) appears in
section fairly uniformly thickened, though its cells are still of
the flattened type. 1In surface view in in toto preparations
(ct. fig. 48), they exhibit the same polygonal form and lightly
staining qualities as the larger cells of the formative region
of the ’04 blastocysts, which we have already identified as
prospective embryonal ectodermal cells. The junctional line
between the embryonal ectoderm and the extra-embryonal is
now for the first time readily distinguishable in sections
(fig. 78). The extra-embryonal ectoderm (tropho-ectoderm)
(PL 5, figs. 48 and 49, Pl. 8, fig. 73, #r. ect.) differs in no
essential respect from the corresponding layer in the 04
blastocysts.

The entoderm in these blastocysts is exceedingly closely
adherent to the inner surface of the embryonal ectoderm and
cannot be removed therefrom by artificial means. Tt varies
slightly in its character in different vesicles and in different
parts of its extent in the same vesicle. Mostly it appears as
a continnons thin cell-layer (figs. 49 and 78, ent.), but here and
there patches occur in which the cells form a reticulum quite
similar to that shown in fig. 68 of the preceding stage.

The next stage (designated in my list as 8 .vi.01), and the
last of Dasyuras that need be described in the present com-
munication, comprises eleven vesicles (5—5'5 mm. in diameter),
in which the embryonal area is conspicnons and distinctly in
advance of that of the preceding vesicles, but is still devoid
of any trace of embryonal differentiation (PI. 4, fig. 40;
Pl 8, fig. 79).

The embryonal area is hemispherical in form (its greatest
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diameter varying from 35 to 4 mm.) in all except two of the
blastocysts, in which it is elongate, with longer and shorter
diameters. It occupies about a third or less of the entire
oxtent of the vesicle wall, and thus appears relatively smaller
than that of the preceding (5,°01) vesicles. The entoderm now
extends for a distance of abont 1 mm. beyond the limits of
the area, so that in the entire vesicle (fig. 40) three zones
differing in opacity ave distinguishable, viz. the dense hemi-
spherical zone at the upper pole, constituted by the embryonal
area; below that, a less dense, narrow annnlar zone, formed of
extra-embryonal ectoderm and the underlying peripheral
extension of the entodern; and finally, the still less dense
hemispherical area, forming the lower hemnspheve of the
blastocyst and constituted solely by extra-embryonal ecto-
derm. Thuns approximately the upper half of the blastoeyst
is bilaminar, the lower half unilaminar. Sections show that
the embryonal cctoderm (fig. 79, emb. cct)) is now a quite
thick layer of approximately enbical cells, whilst the extra-
embryonal ectoderm (fr. cct.) 1s formed of relatively thin
flattened cells.  The line of junction between the two is per-
fectly obvious, both in sections (fig. 79) and in snrface view
(P1. 5, fig. 50).  The embryonal ectodermal cells, though
muech thicker than the extra-embryonal, are of less superficial
extent ; their nuclei therefore lie closer together than those
of the latter, moreover they are larger, stain more deeply, and
are more frequently found in division, all of which facts
testify to the much greater growth-activity of the embryonal
as compared with the extra-embryonal ectoderm at this stage
of development (cf. fig. 50, emb. ect. and ¢r. eet.; in the prepara-
tion from whieh this micro-photograph was made the entoderm
underlying the embryonal ectoderm has been removed, whilst
it is still partially present over the extra-embryonal ectoderm).

The entoderm (fig. 79, ent.) over the region of the em-
bryonal area is readily separable as a quite thin membrane,
and is then seen to consist of squamons cells, polygonal in
outline, and either in direct apposition by their edges or con-
nected together by minute eytoplasmic processes. Beyond the
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embryonal area, however, its peripheral extension below the
extra-embryonal ectoderm is much less easily separable in the
ntact condition (cf. fig. 50), because of its greater delicacy
due to the fact that it has heve largely the form of a cellular
reticulum. In this extra-embryonal region the entodermal
cells are frequently found in mitosis. It would appear, then,
that the entoderm is first laid down in the region of the ew-
bryonal area as a cellular reticulum, which later becomes
transformed into a continuous cell-membrane, and that its
peripheral extension over the imner surfuce of the extra-
embryonal ectoderm is the result of the growth and activity
of its own coustituent cells.

This peripheral growth continnes until there is formed
eventually a complete entodermal lining to the blastocyst
cavity. 'l'he rate of growth appears to be somewhat variable.
Inaseries of primitive streak vesicles (6-6°75 mm. in diameter)
the lower third of the wall is, I find, still unilaminar. In
auother series of vesicles of the same developmental stage
(4°5-6 mm. in diameter) a unilaminar area is present at the
lower pole, varying from I x '3 mwm. n diameter to as much
as 4 mm. Iven in vesicles 7-7'5> mm. in diameter a uni-
laminar patch may still occur at the lower pole, but in vesicles
85 mm. in diameter (stage of flat embryo) the entodermal
lining appears always to be complete.

The Origin of the Entoderm in Lutheria.—The
remarkable facts relative to the origin of the entoderm in
Dasyurus which T have been able to place on record in the
preceding pages, thanks to the large size attained by the
blastocyst prior to the differentiation of the formative germ-
layers and to the eircumstance that the formative cells are
not arranged, as they are in BEatheria, in the form of a more
or less compact cell-mass, but coustitute w thin unilaminar
cell-layer of relatively great extent which can easily be cut
up with scissors, and which, after staining and mouuting on
the flat can Le examined under the highest powers, throw, 1t
seems to me, a new and unexpected light on the mammalian
entoderm, and at the same time help to fill the considerable
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gap which has hitherto existed in our knowledge of its early
ontogenesis. Although the mode of origin of the entoderm
in Dasynrns would appear, in the present state of our know-
ledge, to find its closest parallel, not amongst vertebrates, but
in certamm invertebrates (c¢f. the mode of origin of the ento-
dermal cells from the wall of the blastula in Hydra as
described by Brauer!), the observations of Assheton ('94)
on the early history of the entoderm in the rabbit, when
viewed in the light of the foregoing, seem to me to afford
ground for the belief that phenomena comparable with those
here recorded for Dasynrus will eventnally be recognised as
oceurring also in Kutheria.

Hubrecht (°08), in his recent treatise on early Mammalian
ontogeny, deals very briefly with the question of the origin
of the entoderm in the latter group, merely stating that
“from the mner cell-mass arises by delamination a separate
lower layer which we designate as the entoderm of the
embryo. These entoderm cells wander in radial direetion
along the inner surface of the trophoblast, which in many
rases 1s thus soon transformed into o didermic structure.
.« . When the entoderm has separated off by delamina-
tion from the embryonic knob, the remaining cells of the
latter form the ‘embryonie ectoderm,” which is thus situated
between the entoderm and the trophoblast.”

Assheton, in the paper just referred to, has given a careful
acconnt of the first appearance of the entodermal cells in the
rabbit, and of what he believes to be the mode of their
peripheral extension below the trophoblastic wall of the
blastocyst.  He shows that the inner cell-mass, at firss
spherical, gradually, as the blastocyst enlarges, flattens out
below the “ covering layer ” of the trophoblast until it. forms
an approximately ecirenlar plate “nowhere more than two
cells thick.”  During the process of flattening, cells are seen
to Jut out from the periphery of the mass; these eventnaliy
separate, and appear as rounded cells scattered irregularly
over the immer surface of the troploblast and “extending

1 ¢ Zeitschr. f. wiss. Zool.,” Bd. lii, 1891,
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over an arc of about 60° from the upper pole in all directions.”
These “straggling” cells, as Assheton terms them, as well as
the innermost cells of the now flattened 1nner cell-mass, ave
regarded as hypoblastic and the outermost cells of the same
as epiblastic (embryonic epiblast). “The hypoblast, as a
perfectly definite layer, is formed by the time the blasto-
dermic vesicle measnres *5 mm. iu diameter, that is, about the
102nd hour after coition. It is not, however, as yet by any
means a continuous membrane ; it is a network or fenestrated
membrane. Yor this reason, in section it appears to be
represented by isolated cells lying beneath the embryonic
disc (v. fig. 29, Hy.)” (cf. Dasyurus). In considering the
question how the peripherally situated (“straggling”) ento-
dermai cells, which are undoubtedly derived from the inner
cell-mass, “apparently wander round the inside of the blasto-
dermic vesicle,” he reaches the conclusion that this 1s not the
result of amaeboid activity or growth “in the sense of migra-

tion ”’

on the part of these cells, but “is only an apparent
growth round produced by the more rapid growth of a
zoue of the [trephoblastic] wall of the vesicle immediately
swirounding the embryonic disc, in which zoue the marginal
cells of the inner mass lie”” He is unable to find any
evidence of the produnction of pseudopodial processes by
these peripheral entodermal cells, the majority of them
appearing at first to be quite isolated from each other and
approximately spherical. “Certain of the cells here and
there are counected by threads of protoplasm, but this, 1
think, 1s not a sign of pseudopodic activity, but merely
indicates the final stage in division between the two cells.”
By the sixth day the hypoblast of the embryonic disc has
assumed the form of a continuous mewmbrane, composed of
completely flattened cells, whilst the peripheral hypoblast
cells have become more numerons, and ‘“many of them,
possibly all of them, are now undoubtedly counected by more
or less fine protoplasmic threads.” Such, in brief, 1s
Assheton’s account of the early history of the entoderm in
the rabbit; it presents obvious points of agreemeunt with my
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own for Dasynrus, and I venture to think the agreement is
even greater than would appear from Assheton’s conclnsions.
In adopting the view that the more active growth of the
region of the blastocyst wall hmmediately surrounding the
inner ccll-mass is the sole eausal agent in effeeting the separa-
tion and peripheral spreading of the entodermal cells, I cannot
but feel, in view of his cwn description and figures and of my
own results, that he has attribnted a much too exelusive import-
anee to that phenomenon and a much too passive réle to the
entodermal cells themselves. In Dasynrns the inward migra-
tion and the later peripheral spreading of the entodermal
cells is effeeted withont any such marked unequal growth of
the blastocyst wall as occnrs, according to Assheton, in the
rabbit, as the direct outcome of their own inherent activity,
and 1 believe the possession of a like aetivity charactervises
the entodermal cells of the rabbit. I'he evidence of Assheton’s
own fig. 40, whieh shows in surface view a portion of the
vesiele wall with the peripheral entodermal eells in relation
thereto, and which should be eompared with my figs. 68 und
69, conclusively demonstrates, to my mind, the possession by
these cells of amwboid properties, and thus saupport is
afforded for the belief that the separation of the entodermal
cells from the formative cell group (inner cell-mass) is here
also the expression of an aetual migration.  Whether or not
the strands of protoplasm which Assheton (C08, 709) describes
as present in the sheep, pig, ferret, and goat, connecting the
mner liming of the inner mass to the wall of tlie blastoeyst,
and which he imterprets as tending ““to show that the inuer
lining of the imner mass 1s of common origin with the wall of
the blastocyst,” are of any signiticance in the present connec-
tion, I cannot certainly determine,

4. Summary.
The results and conclnsions set forth in the preceding
pages of this chapter may be smumarised as follows :
(1) The unilaminar wall of the blastoeyst of Dasyuras con-
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sists of two regions distinet i origin and in destiny, viz. an
upper or formative region, derived from the upper cell-ring
of the I6-celled stage, and destined to furnish the em-
bryonal ectoderm and the entoderm and a lower or non-
formative region derived fromn the lower cell-ring of the
mentioned stage, and destined to form directly the extra-
embryonal or trophoblastic ectoderm (tropho-ectoderm) of the
bilaminar vesicle.

(2) The formative region, unlike the non-formative, is
constituted by cells of two varieties, viz.: (i) a more
numerous series of larger, lighter-staiming cells destined
to form the embryonal ectodern, and (ii) a less numerous
series of smaller, more granular, and more deeply staining
cells, destined to give origin to the entoderm and hence
distingnishable as the entodermal mother-cells.

3) The entodermal mother-cells, either withount or subse-
quently to division, bodily migrate inwards from amongst the
larger cells of the unilaminar wall and so come to lie in
contact with the inner surface of the latter. They thus give
origin to the primitive entodermal cells from which the
definitive entoderm arises. T'he larger passive cells, which
alone form the nnilaminar wall after the inward migration of
the entodermal cells is completed, constitute the embryonal
ectoderm.

(4) The entodermal cells as well before as after their
migration from the unilaminar wall are capable of exlnbiting
ameeboid activity and of emitting psendopodial processes, by
the anastomosing of which there is eventually formed
cellular entodermal reticulum underlying, and at first co-
extensive with, the embryonal ectoderm.

(5) The definitive entoderm thus owes its character as a
connected cell-layer primarily to the formation of secondary
anastomoses between the pseudopodial processes emitted by
the primitive entodermal cells (or entodermal mother-
cells).

(6) The assumption by the entodermal cells of amceboid
properties whilst they are still constitnents of the unilamiar
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wall affords an intelligible explanation of the mechanism of
their inward migration.

(7) The entoderm is first laid down below the formative or
embryonal region of the blastocyst; thence 1t extends gradn-
ally by its own growth round the inner surface of the uni-
Taminar non-formative region so as to form eventually a
complete entodermal lining to the blastocyst cavity. In this
way the blastocyst wall becomes bilaminar throughont.

(&) The bilaminar blastoeyst consists of two regions, respec-
tively embryonal aud extra-embryonal. The embryonal
region (embryonal area) is coustituted by an outer layer of
embryonal ectoderm and the underlying portion of the ento-
derm, and the extra-embryonal, of the extra-embryonal or
trophoblastic ectoderm (tropho-ectoderm), which 1s separated
from the embryonal by a well-marked junctional line, together
with the underlying portion of the entodevm, which is per-
feetly continnons with that below the embryonal ectoderm.

() The formative or embryonal region of the blastocyst
i Dasyurus is from the first freely exposed, and at no time
during the developwental period dealt with in this paper
does there exist any cellular lTayer externally to it, i.e. a
covering layer of trophoblast (Deckschicht, Ranber’s layer)
15 ubsent aud there is no entypy of the primary germ-layers

(cf. p. 1L1).

Cuarrer V.—Sone Earny Sraces or PERAMELES AND
Macrorus.

The carly material of Perameles and Macropus at my
disposal comprises only a small number of stages, but is of
speeial importance, since it enables me to demonstrate that
so far as these particular stages are concerned, the early
developmental phenonena in these forms are essentially the
same as 1 Dasyurus, and thus affords ground for the belief
that there is one common type of early development through-
out the series of the Marsnpialia.  Moreover, it is of interest
since it reveals the existence of what might be termed
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specific differences in the early development of these Marsu-
pials, especially in regard to the time of appearance of the
entoderm. In Dasyurus, it will be remembered, the primitive
entoderm cells first become definitely recoguisable as mter-
nally situated cells in vesicles 45 mm. in diameter. In
Perameles they ocenr in vesicles just over 1 mm, in diameter,
while in Macropus they are already present in a blastocyst
ouly ‘35 mm. in diameter, so that it would appear that the
entoderm is differentiated much earlier in the higher, move
specialised types than in the more generalised forms. This
difference in time of appearance of the entoderm is perhaps
to be correlated with a difference in size of the ovarian ova
in the three genera mentioned.

1. Perameles.

The earliest material of Perameles I possess consists of two
eggs of P. obesula, which I owe to the skill and enthusiasm
of my friend Mr. S. J. M. Morean, of Syduey. lgg a
measures 23 mn. in dianeter, and egg B, 24 x 23 mu.
The former consists of thirty-two cells, the latter of thirty. In
both the shell-membrane has partially collapsed, bnt the general
plan of arrangement of the blastomeres can still fairly readily
be made out. Iig. 51, Pl. 3, represents a micro-photograph
of a section of egg B, the better of the two. It shows the
shell-membrane (nearly 005 mm. thick) externally, con-
siderable remains of the albumen between that and the
deeply stained zona, and then, closely applied to the inner
surface of the latter, the blastomeres arranged in the form of
an inverted N, so as to enclose a central space, open below
as the figure stands. This latter opening extends through
the series, and 1t seems probable that there was a corres-
pouding one opposite to it in the intact egg. Kvidently we
Liave here a stage iu the formation of the blastocyst, in which
the blastomeres are in course of spreading towards one or
both of the poles of the sphere formed by the egg-envelopes,
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just as happens in the corresponding stage of Dasynrus (cf.
fig. 51 with fig. 31, though the latter represents a somewhat
older stage in Dasynrus). The blastocyst-wall here appears
relatively more extensive than in the 32-celled stage of
Dasynrus, an apparent difference which may perhaps be ac-
counted for by the difference in size of the respective eggs
(-24 1. as compared with *36 mm.). The blastomeres situated
adjacent to the opening and those on the right side of the
figure tend to be more flattened and of greater super-
ficial extent than the remainder, but I can recognise no
difference in the cytological characters of the cells. The
space or cleavage cavity enclosed by the blastomeres is partly
occupied by a granular coagulnm, and towards the opening
there is present a lightly stainiug reticular mass, which
recalls the yolk-body of Dasynrus, though I am not prepared
to affirm that it is of that significance. The fixation of the
specimen 1s not quite perfect.

My next stage of Perameles is constituted by a blastocyst
of P.nasuta, for which I am again indebted to Mr. Moreaun
measuring in the preserved condition 29 x 26 mm. Fig. 52,
Pl. 3, shows a section of this blastocyst.  Structurally,
it corresponds in all essential respects with the 43 mm.
blastocyst of Dasyurus, fignred on the same plate (fig. 83).
The blastocyst wall is complete and unilaminar throughout.
It is distinguishable into two regions, a more extensive region
over which the cells are large and Hattened and a less extensive,
composed of smaller bnt thicker cells (left side of fig. 52).
In the carly blastocysts of Dasyurus, it may be recalled, the
evidence showed that the region of more Hattened cells 1s
formative in significance, that of more bulky cells, non-forma-
tive. It 1s possible the same holds good for this Perameles
blastocyst. On the other hand, the structural condition of
the stage next to be described rather supports the view thag
the smaller region, composed of plumper cells, is in this case
formative. 'I'hat view seems to me the more probable of the
two, but there is a considerable difference in size between the
present blastocyst and those next available, so that it 1s
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1mpossible to decide this point with certainty. The blasto-
cvst cavity is partly occnpied by coagnlum. There are no
cells present in it, but the question of the presence of a yolk-
body must remain open. The shell-membrane (0045 mm. in
thickness) and zona are in close apposition.

Following this early blastocyst, I have three vesicles of
P. nasnta, two of them measuring 1'3 mm. in diameter,
the other 1:-1 wmm. In their stage of development they
agree pretty closely with the 4-5-5 mm. vesicles of Dasyuras,
referred to in the preceding pages under the designation
6, ’0-4, the entoderm being in process of differentiation. The
formative vegion was readily distingnishable iu the intact
vesicles as a darker patch occupying abont three eighths of
the surface extent of the wall.  In section (Pl §, figs. 80, 81)
it 1s characterised by its greater thickness as compared with
the mnon-formative or trophoblastic region, and by the
presence below it of numbers of primitive entodermal cells.
Compared with the corresponding stage in Dasyurus, the
chief difference consists in the relatively much creater thick-
ness of the cells of the formative region in the Perameles
vesicle. The latter cells are here already more or less defi-
nitely cubical in shape, their thickness varying from -09
mm. to ‘015 mm., and altogether they form alayer of a much
more nniformly thickened character than that of the 6,04
vesicles of Dasynrns. The trophoblastic ectoderm (figs. 80,
81, tr. ect.) is composed of somewhat flattened cells, varying
in thickuness from 005 to *003 mm.

The primitive entodermal cells (figs. 80, 81, ent.) ave
present below the formative region in fair abundance, more
especially aronnd the periphery of the same, which may thus
appear somewhat thickened (fig. 81). 'The cells vary in size
from 01 x -007 mm. to "024 x ‘009 mm., and they stain on the
whole somewhat more deeply than the formative cells, to
whose under-surface they arve closely applied. They occur
singly and in groups. Mitotic figures arve frequently met
with iu the cells of the formative area (observe the obliguely
disposed figure in one of the formative cells in fig. 81), and



78 J. P. HILL.

they also occur in the primitive entodermal cells. Examinn-
tion of the sections leaves no doubt 1u one’s mind as to the
source of the entodermal cells. They are undonbtedly derived
from the formative region of the vesicle wall. The shell-
membrane has a thickness of about -0027 mm.

2. Maecropus.

Of Macropus the earliest stage I have examined is a blasto-
eyst of M. ruficollis, 25 x 21 mm. in diameter. It is not
i a quite perfect state of preservation, bnt is in a sufliciently
good condition to enable me to say that the wall is complete
and unilaminar throughout, just as in the 29 x 26 mm.
blastocyst of Perameles. The shell-membrane has a thickness
of about ‘005 mm., and there are still remains of the albmen
between 1t and the zona.

My next stage (figs. 82-83) is a blastocyst of the same
species, '35 . in diameter. It nufortunately suffered in
preparation, but practically the whole of the formative area
of the blastocyst wall and part of the trophoblastic ectoderm
are comprised in the sections (Pl. 9, fig. 82), so that it is still
possible to make ont its chief structural featnres. In its stage
of development this blastocyst closcly agrees with the last
described blastocysts of Perameles. The formative avea of
the wall is perfectly distinet in the sections because of its
greater thickness and the presence below it of the primitive
entodermal cells. It attains its greatest thickness (‘027 mm.)
peripherally, whilst it is thinunest centrally (‘006 min.), so that,
taken as a whole, it is not quite such a uniformly thickened
layer asis that of the Perameles blastocysts. Primitive ento-
dermal cells are present below it, but not in great abnndance
(figs. 82, 84, 85, ent.). In fig. 83, a formative cell is secn in
division, the axis of the spindle being obligque to the surface.
The trophoblastic ectoderm (figs. 82, 83, tr. ect.) is composed
of the nsnal flattened cells, and varies in thickness from
‘005 to 0067 mm.

In the blastoeyst cavity, adjacent to the trophoblastic
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ectoderm on the left side of fig. 82, there is visible a small
spherical cell similar to the degenerate cells met with in
blastocysts of Dasyurns.

My last stage of M. ruficollis comprises an excellently
preserved blastocyst, measuring ‘S8 mm. in diameter, in which
the embryonal ectoderm and the entoderm are definitely
established. It thus corresponds to the 8, 01 stage of
Dasynrus (blastoeysts 5-5°5 mm. diameter). The embryonal
area is circular and measares 468 mm. in diameter. Its
constituent cells are cubical and from ‘008 to ‘013 mm. in
thickness, whilst the trophoblastic ectoderm is formed of
flattened cells, 006 mm. in thickness. The entoderm is
present as a coutinuous layer of attenuated cells below the
embryonal ectoderm, and it probably also forms a continuons
layer below the trophoblastic ectoderm. TEntodermal cells ave
certainly present over the lower polar region of the vesicle,
but 1t 1s difficult to be certain from the sections whether or not
they form a perfectly continuous layer. The shell membrane
has a thickness of ‘0026 mm.

I have a corresponding blastocyst of Petrogale peni-
cillata ‘915 mm. in diameter, with an oval, embryonal area
525 x 45 mm. in diameter, and a later blastocyst of M.
ruficollis 146 mm. in diameter, with @ cirenlar embryonal
area ‘57 mm. in diameter.

Cuarrer VI.—GENERAL SUiDIARY AND CONCLUSIONS.

The observations recorded in the preceding pages and the
conclusions deducible therefrom may be summarised as
follows :

(a) Ovum.—The nterine ovumn of Dasyurus is characterised
(1) by its large size relatively to those of Mutheria; (2) by
the presence externally to the zona of a layer of albumen and
a shell-membrane, both laid down in the Fallopian tube and
homologous with the corresponding structures in the Mono-
treme ovum, the shell-membrane, like the shell of the latter,
increasing in thickness in the uterus; (3) by its marked
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polarity, its lower two thirds eonsisting of formative cyto-
plasm, dense and finely granular in appearance, owing to the
presence of fairly uniformly distributed dentoplasmie material,
and containing the two pronuclei, its upper third being
relatively clear and transparent, consisting as it does of a
delicate retienlnm of non-formative cytoplasm, the meshes of
whiclh are ocenpied by a elear deutoplasmic fluid.  Study of
the process of vitellogenesis in ovarian ova demonstrates that
this flnid vepresents surplus deutoplasmic material which has
not been ntilised in the npbuilding of the formative region of
the ovum.

The fate of the clear non-formative portion of the ovam is
a very remarkable one. Prior to the completion of the first
cleavage, it is separated off from the formative remainder of
the ovam as a spherical mass or yolk-body, which takes no
direct part in development, though it becomes enclosed in the
blastocyst cavity on completion of the blastocyst wall at the
upper pole. Tts eontained dentoplasmic fluid 1s to be regarded
as the prodnet of an abortive attempt at the formation of a
solid yolk-mass, sueh as is fonnd in the Monotreme ovuam.

3y its elimination the potentially yolk-laden telolecithal ovum

becomnes converted into a secondarily homoleeithal, holoblastic
one. All the evidenee 1s held to support the conelusion that
the Marsupials ave deseended from oviparons ancestors with
meroblastie ova.

(8) Cleavage.—Cleavage begins in the uterns, is total, and
at first equal and of the radial type. The first two cleavage
planes are meridional and at right angles to each other.
The resnlting four equal-sized blastomeres lie disposed radially
around the polar diameter like those of the Monotreme (not
in pairs at right angles to each other as in lutheria), and

enclose a segmentation cavity open above and helow, their
upper ends partially smrrounding the yolk-body. The third
cleavage planes arve again meridional, cach of the fonr blasto-
meres becoming snbdivided equally into two. 'The resulting
eight cells forin an equatorial ring in contact with the inner
surface of the spherc formed by the egg-envelopes. They
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contain dentoplasmic material, which is, however, located
mainly in their lower halves. The ensning fourth cleavages
are equatorial, and in correlation with the just-mentioned
disposition of the deutoplasm, are unequal and qualitative,
each of the eight blastomeres becoming subdivided into an
upper smaller and clearer cell, with relatively little deuto-
plasm fairty uniformly dispersed through the cytoplasm, and
a lower larger, more opaque cell with much dentoplasm,
mainly located in a broad zone in the outer portion of the
cell-body. A 16-celled stage is thns produced in which the
blastomeres are characteristically arranged in two snper-
imposed rings, each of eight cells, an upper of smaller, clearer
cells next the yolk-body, and a lower of larger, denser cells.
The former is destined to give origin to the formative or
embryonal region of the blastocyst wall, the latter to the
non-formative or extra-embrvonal region of the same.

(¢) Formation of the Blastocyst.—There 15 in the
Marsupial no morula stage as in FKutheria, the blastomeres
proceeding directly to form the wall of the blastocyst. The
cells of the two rings of the 16-celled stage divide at first
meridionally and then also equatorially, the division planes
being always vertical to the surface. The danghter-blasto-
meres so prodnced, continning to divide in the same fashion,
gradually spread towards opposite poles in contact with
the inner surface of the firm sphere formed by the zona and
the thickened shell-membrane. Eventually they form a com-
plete cellular lining to the said sphere and it is this which
constitutes the wall of the blastocyst. The latter is accord-
ingly unilaminar at its first origin, and it remains so in
Dasyuras until it has attained, as the result of active growth
accompanied by the imbibition of fluid from the nterus, a
diameter of 4-5 mm. It consists of two parts or regions,
distinet in origin and in destiny, and clearly marked off from
each other in later blastocysts by a definite junctional line
approximately equatorial in position, viz. an upper, embryonal
or formative region derived from the upper cell-ring of the
16-celled stage, and a lower, extra-embryonal or mnon-

VOL. 56, PART 1.—NEW SERIES. 6
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formative region derived from the lower cell-ring of the same
stage.

(p) Later History of the T'wo Regions of the Blasto-
cyst Wall (for details see pp. 72-74).—I'rom the embryonal
region are derived the embryonal cctoderm and the entire
entoderm of the vesicle. T conclude, therefore, that 1t is the
homologue of the inner cell-mass or embryonal knot of the
Futherian blastocyst. The extra-embryonal region directly
furnishes the outer extra-embryonal layer of the vesicle wall,
i.e. the outer layer of the omphalopleure and chorion of later
stages. Assuming, as the facts of comparative anatomy and
palwontology entively justify us in doing, that the Mammals
are monophyletic and of reptilian origin, and further assnming
that the feetal membranes are homologous structures through-
out the Ammniotan series (also in my view a perfectly
justifiable assnmption)!, then the homologies of this extra-
embryonal region of the Marsnpial blastocyt are not far to
seek. It is clearly the homologue of the extra-embryonal
ectoderm of the Sawropsidan and Monotreme egg, and the
homologue also of the outer enveloping layer of the Eutherian
blastocyst, to which Hubrecht has given the special name of
“trophoblast.””  In my view the trophoblast is none other
than extra-cmbryonal ectoderm which in the viviparous
mammals, in correlation with the intra-uterine mode of
development, has acquired a special significance for the
nutrition of the embryo.

These, then, are my conclusions, and to me they seem on
general grounds perfeetly obvious, viz.: (1) that the em-
bryonal or formative region of the unilaminar Marsupial
blastocyst 1s the homologne of the inner cell-mass or

! How Assheton can maintain (09, p. 266) “ that the amnion of the
rabbit is not more homologous to the ammion of the Sawropsidan than
the horny teeth of Orithorhynchus are homologous to the true teeth
of the mammal or reptile. which they have supplanted,” how he can
liold this view and yet proceed to utilise the presence of the ammion as
one of the leading characters distinguishing the Ammniota from the
Anamnia, I fail to comprehend.  Surely the presence of a series of
purely analogous structures in a gronp is of no classificatory value.



83

MARSUPIALIA.

OF THE

AR

Y

DEVELOPM

EARLY

3
Y

TH

WL 1D
JO SSULT-[[9Y ATIRULIOF-UTON PIILR
JATIRULIOY 01} [[}Ia snoJo[ouror

S[Ed Jo sdnoas  peuratalep
-oad oag Jo pesoduos ‘epurom
PIOS  JO TOHRULIO UI sl

| suoistatp gy dnoas poders
| -SSOID B SUNLIOY  sur3 130
JPre 03 sosur Jusw gu sawd
OM] T e AJ[RIPRT POSTRLIR JOT
rr:m:ﬁw ~u~:w .Lm,::ﬁ.v:O% M—O INTOS
-qr Ul ‘onr)s PoqEo-F 3O SaIow

|
| ‘speLyrm ormseyd
| -0JUBP PUR BATIRULIOJ ST JO WO}
-enualaytp avjod ‘surioy amos ur
M (TR U wmur g 03 98nout

LT 2 (). WOy SUIARA) 9)nuiyy

QOULAYIUSTS
ur ((PUOAI(IIa-11)X8)  SAT)RULIOS
-TOW pue ([RIOAI(UD) DATIRILIOY
Lpagoodsor ‘sSuLt-[o pesodurt
~todis 0M) JO WOVRULIOY SUIUS
s A ‘earpmyrpenl pue peubs
-t ‘prrioyeuba safeAved o g
“Sunr wado uw SwimiIoy  satow
-0)SR[| PSD SUMNSAL 21} sseut
S)[OA JO 9OWISAR WL £0A] IS TG
OMI[ [RUOIPLIBUL SASRARS[D DI,
AT WONRIBIUSIS  HUISOHT
PUL PISTRLIT A[RIPRIDS ]S PI[[90
-F Jo samemogsepq fad4y puipra

-0yt fonse[qofor]  Ajuepuoseg  Jo - pur anserqojorp  Apaepuossy

eLejeun stsepdojnep
supdms Jo wonrRUIWIPD JOo 4us
sl St [RIPIDOMOY ATLIRPUONDS
sunmoseq quq ‘adLy uwr RNl
-0[9] ‘(snaIndse( ur JIejormwip ul
UG, ) WINAO TTELIO NG 95 LIdAY

e} JeSdR] g CRLID0)0L g
Jo qury ypa peavduon  oynmyyy
‘euory, . a o 0 ©owuoy
: : : . et ac

.mwS:Om oIos ﬂmv usun |y
TOURIQIIOW T[S ON

*BLIdYING

‘S9ssulo-qng Zﬁﬂﬁdﬂzﬂzﬁmu—.m @O;..——;_u a1g ut %ZO_WOQZO %ﬁ.ﬂdz

*RIIOYIRIOTY

@Qﬂ.:—:—wan:eq_m

PASITLEONAT (|
104 SB Ser WO WaoAdq| Tor)
-rredos jo oy awap ow Ysuo)
'SUOLSA T [RUOLIUIo-RIJXa  pun
[roLigmd yo pasodmos ‘(uoueg)
DMRIIUDIT HILIDPOFSVC| IR
S W 0] UISLIO S9ALS (UM
DSIP-ODTARD[D PAIIAR[-[RIDASS 1 JO
UONRULIO] WL $)[OSAT £ I9)a1meIp
avjod punoare pafueLe AT[RIpR
DU A8L)S PO[[PO-F  JO SAII
OISR [RIPRI JSIY 912 D1ISRI(OT Y

‘episdoneg jo
0501[9 OY1] ‘so.Tds-)[04 9)oInsIp

YHA [RG3oa[oe} ‘(iojemreip  ut
TN - G.¢) RIRTINET 0 93.0er]
: : : : Toreuoy
: : : . T weIuu [y
. ' ’ ’ ’ B (C £
*RLIOI0101,T

oy jo wostavduwon Jo opqe,

ABRABI[))

::SO
sodoroaua A
o
-859 7
LIepuonay




=y
o

AUMDOUOTY
AN} JO WP  jJRUOLL(UTO
-txe oy} Jo puv gsLoojsuiq
rerdasier o3 jo uworder oAy
-RILIOF-TOW 91} JO DNIO[OWON B[}
QI0JOIOI) ST PUR *S251YS 10IR] JO
ooy pur aanejdoreydiuo oy
JO J9AR[ INTO DY} SULIOT S[{02
sanrrof-uou Jjo tafvy surdofea
-uo ot [, ysdoojsepq udnstepy
JO WOISAT QATJRULIOJ oY) T[)la
SUOSO[OWOI]  810Jalof} ST pur
D[OISOA 91 JO WIDPOJUD BIIUD
A PUR ULISPOYID [LUOAL( WD 91}

DO UOTD
-woo aidAyus By 0T ‘poasoIUl
L1ogerduos Sueq jouy ruofiqumg
9} JO S|[O0 VALJRULIOS B[ “S[[99
(rutopoyas-orpdoag)  eanjruLloy
-ou o1 A ATOAISN[IXD POULIOY
jsfooysep Jo o qrem

PO 10 B ‘sopuds
AV[OUDHLA TR N[[20-WUL 10 -1ojul
JO eouanguon oy Ly Ayavo 3s4H
-mse|q Jo uorprunio] juonhoscus
PUR ‘oSS V[OIONT o1} UT S[[00
YAYLULIOJ-UOTW 81{) £ OATFUULIOL
o3 3o guewdojoatto srepdiuon

| Jo Jpuso s »m—uur.._::_m PouLIoq

BLIDYING]

SOUSILINY  Jouy [vuoAi(mwa oI,

Jeurmeyruy

CLOOJOLT A1) JO WIOPOIND
[RUOLIUID-RXe 91} [[Ha STUOS0|
OO DA0JRId} ST PUL *SOHL)s
el o amepdopegpduo  pue
WOLWOD 9} JO AR amuo of)
A)020Ip SULIOF WOLTRL DAT)RULIOY
SUON )SAD0ST[ O} JO UL
-0 A0 8y} pUR ULWPOIOD
[PUOLU WD O} SoUSILING  reas
1SL001SR[(] JO TOLTAL  ATIBULLO

\ANDN0 JOW $IOD BIOJAIDY WOLITP
-uon owdfyue ory,  peiedus
JRITY O} WOdJ UOLSAL YATRULIOY
£SO ([RROLIQUo-TND) 041}
-RHLIOJ-uon pue ([ruofique) 0an
-vutiog o3 A £pmofuos peutioy
AV ST EIH (TR (VS | (EACRRCH R 148 o110
£ wonrjuaIw
-Gos quosisiad oy spuosoadar
£yavn ysLooysepq sedopoano- S5
a3 £q poymysuos oreyds oy
JO POVLUIS AoUUT HIA 19 T0D Ul
BT POY[0-g BT JO SSULI-[[0D
0M) 1} JO UOISIAID 3O syonpo.d
oy Jo ‘sejod onsoddo spaemoy
sutpraads oy £ Apoeap poutiog

“BLBYIRISY

TLIOPO}ND (RO LT UID-RIIXD
91} SUL0F A[3001p outs JOo WOLS
-0 ruofaqua-eayxgp . (2) pererd
SO0 ST A 2SAD0SU[Y @109
portod Alive ur gy uonriei]
-0 jo ssenoad r L uLwpojue Jo
s|[o0 Jueded 03 WS soatd L[qu
-oad  eunI(UoT  VTIBPOIST](
JCUTUE[IU JO WolSed [euofiquugy
11000 JOW SOOP DA0FAIN e UOTIID
-uon otd£3wo o1, L0 A[[RILO)X0
gefvpaepnyes t jo juatudojosep Jo
sosvys L1k sSunmp poutad Aue e
9OUOISIXD 91} JO 0OUIPIAQ OU S U
ate} ‘|emiedns puw pesodxe
L0003 SURIUIDW  OTULIDPOISL(|
ACWUILIN Jo woiSed [uuoliquiy
sset-yjof oaus
opueur 03 su os  uonorjoub
£ popuoixe £H1ALH [rHIILIAS(US

spuasoador  Ayawo  ysfoogserg
TUOZ  JO OOLJAUS  JQUUT ()M
U0 WL OURL(WOT 2ULsP

OISR ARTTRIIN 91} JO HOLSaL
[RUOAIGIIO-TEIIXNO D} JO [IM0LS
[eogdured oy £ Lpoearp peutioq

BRI 0100 ]

1840
-oyse g




THE EARLY DEVELOPMENT OF THE MARSUPIALIA. b

embryonal knot of the Butherian blastocyst ; and (2) that the
extra-embryonal or non-formative region of the same is the
homologue of the extra-embryonal ectoderm of the Saurop-
sida and Monotremata and of the trophoblast of the
Lutleria.

As regards conclusion (1) there is not likely to be much
difterence of opinion, but as regards (2), winlst perhaps the
wajority of embryologists support the obvious, not to say
common-place view which I here advocate, it seems certain
that 1t will prove neither obvious nor acceptable to those
mammalian embryologists (I refer specifically to my friends
Professor A. A.W. Hubrecht and Mr. R. Assheton) who, with
ouly Selenka’s account of early Marsupial ontogeny before
them, have formulated other and quite divergent views as to
the morphological nature of the outer enveloping layer of the
Eutherian blastocyst. It is therefore necessary to discuss
this question further, though I wonld fain express my convic-
viou that had the observations recorded in this paper been
earlier available, much vam speculation as to the phylogeny
of the trophoblast might possibly have been avoided.

Cuarrer VIL.—THe Farry ONToGENY OF THE MAMMALIA IN
THE LicHT OoF THE ForecoiNGg OBSERVATIONS.

In entering ou a discussion of the bearings of the results
of my study of the early development of Marsupials on
current interpretations of early Mammalian ontogeny, and
especially of the howologies of the germ-layers, I desive at
the outset to emphasise my conviction that, specialised
though the Marsupials undoubtedly are in certain features of
their anatomy, ¢. g. their dentition, genttal ducts, and mawm-
mary apparatus, the observations recorded in the preceding
pages of this paper afford not the slightest ground for the
supposition that their early ontogeny is also of an aberrant
type, devoid of signiticance from the point of view of that of
other mammals. On the contrary, I hope to demonstrate
that the Marsupial type of early development not only readily
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falls into line with that of Eatheria, and with what we know
of the early development of the Prototheria, but fnrnishes
ns with the key to the correet interpretation of that extra-
ordinarily specialised developmental stage, the Eutherian
blastocyst. In particular I hope to show that the description
which I have been able to give of the mode of formation of
the Marsupial blastoeyst, bridges in the most satisfactory
fashion the great gap which has till now existed in our
knowledge of the way in which the transition from the
Monotrematous to the Kutherian type of development has
been effected.

1. The Early Development of the Monotremata.

Our knowledge of the early development of the oviparons
mamnials is admittedly still far from complete. Nevertheless
1t 1s not so absolutely fragmentary that it can be passed over
in any general disenssion of early mammalian ontogeny, and
I certainly cannot agree with the opinion of Assheton ('08,
p- 227) that from it “we gain very little help towards the
clucidation of Eutherian development.”  On the contrary, I
think that the combined observations of Semon ('94), and
Wilson and Hill (07) shed most valnable light on the early
ontogenetic phenomena in both the Metatheria and Xutheria.
1 propose therefore to give here a very brief resumé of the
chief results of these observers,) and at the same time to
indicate how the knowledge of carly Monotreme ontogeny
we possess, limited though it be, does help us to a better
understanding of the phenomena to which I have just
referred.

The ovum, as is well known from the observations of
Caldwell (°87), is Reptilian in its character in all but size.
It is yolk-laden and telolecithal, the yolk consisting of
discrete yolk-spheres, and 1t is enclosed outside the zona
(vitelline membrane) by a layer of albumen and a definite shell.

! In so doing I have largely utilised the plraseology of Wilson and
Hill's paper ('07).
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At the moment of entering the oviduct it has a diameter of
3:5—4 mm. (2:5-3 mm. according to Caldwell), and is therefore
small relatively to that of a reptile of the same size as the
adult Monotreme, bnt large relatively to those of other
mammals, being about twelve times larger than that of
Dasynrus, and about eighteen times larger than that of the
rabbit.

Cleavage 1s meroblastic. The first two cleavage planes are
at right angles to each other, as in the Marsupial, and divide
the germinal disc into fonr approximately equal-sized cells
(Semon, Taf. ix, fig. 30). Kach of these then becomes sub-
divided by a meridional furrow into two, so that an 8-celled
stage is produced, the blastomeres being arranged symmetri-
cally, or almost symmetrically, on either side of a inedian line,
perhaps corresponding to the primary furrow (Wilson and Hill,
p- 37, text-figs. 1 and 2). Tmagine the yolk removed and the
blastomeres arranged radially, and we have at once the open
ring-shaped 8-celled stage of Dasyurus. The details of the
succeeding cleavages are unknown. Semon has described a
stage of about twenty-four cells (Semon, Taf.ix,fig. 31),1n which
the latter formed a one-layered circular plate with no evidence
of bilateral symmetry, and this is succeeded by a stage also
figured by Semon (figs. 32 and 33, cf. also Wilson and Hill,
PL 2, fig. 2), in which the blastoderm has become several
cells thick, though it has not yet increased in surface extent.
1t is bi-couvex lens-shaped in section, its lower surface being
sharply limited from the underlying white yolk. No nuclei
are recognisable in the latter, either in this or any subsequent
stage, nor is there ever any trace of a syncytial germ-wall,
features in which the Monotreme egg differs from the
Sauropsidan.

The next availuble stage, represented by an egg of Ornitho-
rhynchus, described by Wilson and Hill (07, p. 38, PL 2, fig.
4), and by an egg of Echidna, described by Semon (94, p. 69,
figs. 22 and 33), is separated by a considerable gap from the
preceding, and most unfortunately so, since it belongs to the
period of commencing formation of the germ-layers. 'The
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cellnlar lens-shaped blastoderm of the preceding stage has
now extended in the peripheral direction so as to enclose
about the upper half of the yolk-mass, and in so doing it has
assumed the form, almost exclusively, of a unilaminar thin
cell-membrane, composed of flattened cells and closely apphied
to the inner surface of the zona. At the embryounic pole,
liowever, in the region of the white yolk-bed, there are
present in the Ornithorhynchus egg a few plump cells,
immediately subjacent to the unilaminar blastoderm, but
separate and distinet from it, whilst in the Kchidna egg
Semon's ficure (fig. 33), which i1s perhaps somewhat schematic,
shows a group of scattered cells, similar to those in the
Ornithorhynchus egg but placed considerably deeper in the
white yolk-bed. Unfortunately we have no definite evidence
as to the significance of these internally sitnated cells,  One
of two possible interpretations may be assigned to them.
Either they represent the last remaining deeply placed cells
of the blastodisc of the preceding stage, which have not yet
become intercalated in the unilaminar blastodermic membrane
believed by Semion to be the condition attained in eggs of
about this stage of development, or they are cells which have
been proliferated off from this nnilaminar blastoderm, to
constitute the parent cells of the fnture yolk-entoderm. As
regards lichidna, Semon expresses a definite enough opinion ;
he holds that these deeply placed cells actually arise by a
somewhat diffuse proliferation or ingrowth from a localised
depressed area of the blastoderm at the embryonic pole, and
that they give origin to yolk-entoderm. This interpretation
of Semon seems probable enongh in view of the mode of origin
of the entoderm i the Metatheria and Eutheria. Moreover
in the next available stage, an egg of Ornithorhynclhus, just
over 6 mm. in diameter, described by Wilson and Iill, the
blastoderm 1s already bilaminar throughout its extent, so that
we might very well expect to find the beginnings of the ento-
derm in the somewhat younger cggs.

In the 6 mm. egg just referred to, the peripheral portion of
the unilaminar blustoderm of the preceding stage has grown
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so as to enclose the entire yolk-mass in a complete ectodermal
envelope, whilst internally to that a complete lining of yolk-
entoderm has become established. As the result of these
changes, and of the imbibition of flnid from the uterus, the
solid yolk-laden egg has become converted into a relatively
thin-walled vesicle or blastocyst, possessed of a bilaminar
wall snrrounding the partly fluid vitelline contents of the egg.
Throughout the greater part of its extent the structure of the
vesicle wall is very simple. It consists externally of an
extremely attenunated ectodermal cell - membrane closely
adherent to the deep surface of the vitelline membrane
(zona), and within that of a layer of yolk-entoderm, composed
of large swollen cells, containing each a vesicular nucleus,
and a number of yolk-spheres of varying size. Over a small
area, overlying the white yolk-bed, however, the ectodermal
layer of the wall presents a different character to thas
described above. Its constituent cells are here not flattened
and attenuated, but irregularly cuboidal in form and much
more closely packed together; moreover they stand n pro-
liferative continuity with a subjacent mass of cells, also in
process of division. The irregular superficial layer and this
latter mass together form a thickened lenticular cake, "5 wm.
in greatest diameter, projecting towards the white yolk-bed
but separated from it by the yolk-entoderm, which retains
its character as a continuous cell-membrane. This differen-
tiated, thickened area of the wall, sitnated as it is at the upper
pole of the egg, as marked by the white yolk-bed, must be
held to represent a part of the future embryonal region.
Wilson and Hill incline to regard it as in some degree the
equivalent of the “primitive plate” of Reptiles and us the
initial stage in the formation of the primitive knot of later
eggs. 'This question, however, does not closely concern us
here : the point I wish to emphasise is the relative inactivity
of the cells composing the embryonal region of the blastoderm
in the Monotreme as compared with the marked activity dis-
played by those constitnting the peripheral (extra-embryonal)
region of the same. It is these latter cells which Dby their
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rapid growth complete the envelopment of the yolk-mass and
o coustitute the lower hemisphere of the blastocyst.

The bilaminar blastocyst of the Monotreme, formed in the
manner indicated above, is entirely comparable with the
Marsupial blastoeyst of the same developmental stage. There
are differences in detail certainly (e.g. in the characters,
time of formation, and rate of spreading of the entoderm,
iu the mode of formation of the blastocyst cavity and in its
contents, in the apparent absence in the Monotreme of any
well-marked line of division between the embryonal and extra-
embryonal regions of the ectoderm, in the relatively earlier
appearance of differentiation in the embryonal region in the
Monotreme as compared with the Marsupial), but the agree-
ments are obvious and fundamental; in particular, I would
emphasise the fact that in both the embryonal region is
superficial and freely exposed, and forms part of the blasto-
eyst wall just as that of the reptile forms part of the general
blastoderm. Moreover, should future observations confirm
the view of Semon that the primitive entodermal cells of the
Monotreme are proliferated off from the embryonal region of
the wunilwminar blastoderm, then we should be justified in
directly comparing the latter with the unilaminar wall of the
Marsupial blastocyst, and in regarding it also as consisting
of two differentiated regions, viz. a formative or embryonal
region, overlying the white volk-bed, and giving origin to
the embryonal ectoderm and the yolk-entoderm, and a non-
formative region which rapidly overgrows the yolk-mass so
as to eventually completely enclose it, just as does the less
rapidly growing extra-embryonal ectoderm of the Saurop-
sidan blastoderm.!  Meantime [ see no reason for doubting
that this rapidly growing peripheral portion of the unilaminar
blastoderm of the Monotreme is anything else than extra-
embryonal ectoderm homogenons with that of the reptile.
Indeed, Tam not aware that any embryologist except Hubrecht
thinks otherwise. Kven Assheton is, I believe, content to

' We should further be justified in concluding that the entoderm is
similar in its mode of origin in all three mammalian sub-classes.
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regard the outer layer of the Monotreme blastocyst as
ectodermal. Hubrecht’s view is that the primitive entodermal
cells of Semon give origin, not to yolk-entoderm, but to the
equivalent of the embryonal kuot of Kutheria, whilst the
unilaminar blastodermic membrane itself i1s a larval layer
—the trophoblast—that portion of it overlying the iuternally
situated cells representing the covering layer (Rauber’s layer)
of the Kutherian blastoeyst. “Tor this view,” remarks
Assheton [’09, p. 233), “ I can see no reason derivable frowm
actual specimens described and figured by those four anthors”
(Caldwell; Semon, Wilson and Hill), with which criticism I
am in entire agreement, as also with the following statement,
whicl, so far as the Metatheria are concerned, 1s based on
my own results: “Neither in the Prototheria [n ] or the
Metatheria is there really any tangible evidence of a tropho-
blast occurring as a covering layer over the definitive epiblast
as in Entheria” (p. 254).

In connection with the peripheral growth of the unilaminar
blastoderm in the Monotreme, it is of interest to observe that
this takes place, not apparently in intimate contact with the
surface of the solid yolk, as is the case with the growing
margin of the extra-embryonal ectoderm in the Sauropsidan
egg, but rather in contact with the iuner surface of the
thickened zona, perhaps as the result of the accumulation i
the perivitelline space of tluid which has diffused iuto the latter
from the uterus. In other words, the peripheral growth of
the extra-embryonal ectoderm to enclose the yolk-mass appears
to take place here in precisely the same way as the spreading
of the non-formative cells in Dasyurus to complete the lower
pole of the blastocyst. In my view the latter phenomenon
is none other than a recapitulation of the former; on the
other hand, I regard the spreading of the formative cells in
Dasyurus towards the upper pole as a purely secondary
feature, conditioned by the loss of the yolk-mass and the
attainment of the holoblastic type of cleavage.

If it be admitted that the outer extra-embryonal layer of
the Monotreme Dblastocyst is homogenous with the extra-
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embryonal ectoderm of the Reptile, then it seems to me there
is no escape from the conclusion that these layers are also
homogenons with the non-formative region of the nnilaminar
Marsapial blastocyst. I need only point out here that the
chief destiny of each of the mentioned layers, and I might
also add that of the outer enveloping layer of the Iutherian
blastocyst (the so-called trophoblast), is one and the same,
viz. to form the outer layer of the chorion (false ammion,
scrous membrane) and omphalopleure (unsplit yolk-sac wall,
Hill [°977), and that to deny theiv homogeny to each other
implies the non-homogeny of these membranes and the amnion
in the Amniotan series, and consequently renders the group
name Ammniota void of all morphological meaning.

The rvapidity with which the enclosure of the yolk-mass
is effected, and the relative tardiness of differentiation in the
embryounal region are features which sharply distingnish the
early outogeny of the Monotremes from that of the Sanropsida,
and which, in my view, are of the very greatest importance,
since they afford the key to a correct understanding of the
peculiar cewenogenetic modifications observable m the early
ontogeny of the Metatheria and Eutheria. To appreciate the
significance of these features it is necessary to take acconnt
of the great difference which exists between the Sanropsidan
and Monotreme ovam in regard to size, as well as of the very
different conditions under which the early development goes
on in the two groups. The Sanropsidan egg is large enough
to contain within its own confines the amount of yolk neces-
sary for the production of a young one complete in all its
parts and capable of leading an independent existence
immediately it leaves the shell.  Furthermore, it is also large

! In certain Anmiotes the layers in question appear also to participate
in the formation of the mmer lining of the ammion (amniotic ectoderm)
(ct. Assheton [[097, pp. 243-9), hut this does not affect the statement in
the text. In the Sauwropsida and Monotremata I think I am correct in
saying that no sharp distinction is recognisable between the embryonal
and extra-embryonal regions of the ectoderm, hence it is diffienlt, if not
impossible, to determine with certainty their relative participation in
the formation of the amniotic ectoderm.
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enongh to provide room for the development of an embryo
withont any secondary growth in size after it leaves the ovary.,
Moreover we have to remember that after it has become
enclosed 1n the shell, it remains but a short time in the oviduet
and receives little or no additional nutrient material from the
oviducal walls, The yolk-mass in any case retains its solid
character; there is no necessity for its rapid enclosure, and
so enclosure is effected slowly, contemporaneously with the
differentiation of the embryo.

In the Monotreme the conditions are altogether different.
The ripe ovarian ovim when it enters the oviduct has a
diameter of abont 3-5 to 4 mm., and is thus considerably
smaller than that of a Reptile of the same size as the adulg
Monotreme. The amount of yolk which 1t 1s eapable of con-
taining 1s not anything like snfficient to last the ewmbryo
throughout the developmental period, and, moreover, it does
not provide the space essential for the development of an
embryo on the ancestral Reptilian Tines.  As Assheton (*93,
p. 251) has pointed ont, “the difference in size between
the fertilised ovam of a rveptile or bird or of a mammal
1s very great; bunt the difference in size between the
embrvo of, say, a bird with one pair of mesoblastic
somites and of a mammal of the same age i1s comparatively
small.  This means that nearly the same space is required
for the prodnction of the mammalian embryo as of the
Sanrvopsidan, and has to be provided.” In the Monotreme
not only is additional room mnecessary, bnt also additional
nntrient material, sufficient with that already present in the
egg to last the embryo thronghout the period of meubation.
Both are acqnired contemporaneously during the sojourn of
the egg in the nterine portion of the oviduct, wherein the egg
increases greatly in size. When it enters the uterus, the
Monotreme egg has a diameter, inclusive of its membranes, of
about 4-5 mm.; when it is laid, it measures in Ornitho-
rhynchus, in its greatest diameter, 16-19 mu., and somewhat
less in the case of Echidna. Prior to the enclosure of the yolk
the increase in diameter, due to the accumulation of fluid in
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the perivitelline space and between the zona and shell, 1s but
slight. But as soon as the yolk becomes surrounded by a
complete cellnlar membrane, i.e. as soon as the egg has
become converted into a thin-walled blastocyst, rapid growth
sets in, accompanied by the active imbibition of the nutrient
fluid, which is ponred iuto the uterine lnmen as the vesult of
the secretory activity of the abnundautly developed uterine
glands.  The fluid absorbed not only keeps the blastocyst
targid, but it brings about the more or less complete dis-
integration of the yolk-mass, its constituent spherules
becoming disseminated in the fluid contents of the blastocyst
cavity, Althongh a distinet and continuous subgerminal
cavity, such as appears heneath the embryonal region of the
Sauropsidan Dblastoderm, does not occur in the Monotreme
ege, vacnolar spaces filled with fluid develop in the white
volk-bed nnderlying the site of the germinal disec and appear
to represent it. As Wilson and Hill remark (°03, p. 317),
“one can, without hesitation, homologise the mterior of the
vesicle with the subgerminal cavity of a Sauropsidan egg,
extended so as to include by liquefaction the whole of the
volk itself.”” In the Marsnpial the blastocyst cavity has a quite
different origin, since it represents the persistent segmentation
cavity, whilst in the Kuatheria the same cavity is secondarily
formed by the confluence of intra- or inter-cellular vacuolar
spaces, bnt no one, so far as T know, has ever ventured to
assert that, becanse of this difference in mode of origin, the
blastoeyst cavity in the series of the Mammalia is a non-
homogenous formation.

To return to the matter under discnssion, it appears to me
that the necessity which has arisen, consequent on the reduc-
tion in size of the ovum, for rapid growth of the same in
order to provide room for the development of an embryo and
for the storage of nntrient material furnished by the maternal
uterns, affords a satisfactory explanation of the much more
marked activity of the extra-embryonal region of the blasto-
derm as compared with the cmbryonal, which is snch a striking
feature in the early ontogeny of the Monotremes, and not
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only of them, but, as Assheton has pointed ont (98, p. 251),
of the higher mammals as well (cf. the processof epiboly and
the inertness at first displayed by the formative cells of
the embryonal knot as compared with the activity of the non-
formative or tropho-ectodermal cells), an activity which
results in the rapid completion of that characteristically
mammalian developmental stage—the blastocyst or blasto-
dermic vesicle.

The necessity for the early formation of such a stage,
capable of rapidly growing in a nutrient fluid medium
provided by the mother, has profoundly influenced the early
ontogeny in all three mammalian subclasses, and natorally
most of all that of the Entheria, in which reduction of the
ovum, both as regards size and secondary envelopes, has
reached the maximum. And I think there can be little
donbt but that it is this necessity which has induced that
early separation of the Dblastomeres into two categories,
respectively formative and non-formative in significance,
which has long been recognised as ocenrring in Kutheria, and
which I have shown also occurs amongst the Metatheria.
This early separation of the blastomeres into two distinct
gronps is not recognizable in the Saunropsida, and the idea
that it 1s in some way connected with the loss of yolk which
the mammalian ovnm has suffered in the course of phylogeny,
was first put forward, I believe, by Jenkinson. Iu his paper
on the germinal layers of Vertebrata (06, p. 51) he writes :
“ Segmentation therefore 1s followed in the Placentalia by
the separation of the elements of the trophoblast from those
destined to give rise to the embryvo and the remainder of its
feetal membranes, and this ‘precocious segregation’
seems to have occunrred phylogenetically during
the gradual loss of yolk which the egg of these
mammals has undergone.” Whether or not such a
“ precocious segregation’’ has already become fixed in the
Monotremes, future investigation must decide (cf. ante, p.90).

The loss of yolk, with resulting reduction in size which the
Monotreme ovum has suffered in the course of phylogeny, we
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must assame to have taken place gradually and in correlation
with the longer retention of the egg in the oviduct, the
elaboration of the uterine portion of the same as an actively
secretory organ,and the evolution of the mammary apparatus.
The Monotremes thus render concrete to us one of the first
great steps in mammalian evolution so far as developmental
processes arve concerned, viz. the substitution for intra-ovular
volk of nutrient material furnished directly by the mother to
the developing egg or embryo. We see in them the begin-
nings of that process of substitntion of uterine for ovarian
nutriment which reaches its culmination in the Lutheria with
their microscopic yolk-poor ova and long intra-nterine period
of development. 'The Mavsupials show ns in Dasyurus an
interesting intervening stage so far as the ovam is concerned,
in that this, though greatly rednced as compared with that
of the Monotreme, still retains somewhat of 1ts old tendencies
and elaborates more yolk-material than it can conveniently
utthise, with the resunlt that it has to ehminate the surplas
before cleavage begins.  But as concerns thenr utilisation of
intra-uterine nutriment, they have specialised along their
own lines, and instead of exhansting the possibilities implied
by the presence of that, they have extensively elaborated
the mammary apparatus for the nutrition of the yonug, born
in a relatively immature state, after a short pertod of intra-
uterine life (cf. Wilson and Hill [’97, p. 5807).

In view of the fact that the yonng Monotreme enjoys three
developmental periods, viz. iutra-nterine, ineubatory, and
lactatory, the gmestion might be worthy of consideration
whether it may not be that the Marsnpial has merged the
incnbatory period in the lactatory, the Intherian the same in
the intra-uterine.

2. The Early Development of the Metatheria and
Futheria.

Iv will have become evident from the foregoing that the
Metatherian mode of early development is to be regarded as
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but a slightly modified version of the Prototherian, such
differences as exist between them being interpretable as ceno-
genetic modifications, induced in the Metatherian by the
practically complete substitntion of uterine nutriment for
intra-ovular yolk, a sabstitution which has resulted in the
attainment by the marsupial ovum of the holoblastic tyvpe of
cleavage. In the present section I hope to demonstrate how
the early ontogeny of the Metatheria enables us to interpret
that of the Entheria in terms of that of the Prototheria.

It we proceed to compare the early development in the
Metatheria and Entheria, we encounter, from the 4-celled
stage onwards, such obvions and profonnd differences in the
mode of formation of the blastocyst, and in the relations of
its constituent parts, that the differences seem at first sight
to far ontweigh the resemblances. Nevertheless, apart from
their comnnon possession of the same holoblastic mode of
cleavage, there exists one most striking and fundamental
agreement between the two in the fact that in both there
oceurs, sooner or later during the cleavage process, a separa-
tion of the blastomeres into two distinct, pre-determined cell-
groups, whose individual destinies are very different, but
apparvently identical in the two subclasses. In the Marsupial,
as typified by Dasyurus, the fourth cleavages are, as we have
seen, uneqnal and gualitative, and result in the separation of
two differentiated groups of blastomeres, arranged in two
superimposed rings, viz. an upper ring of eight smaller, less
yolk-rich cells, and a lower of eight larger, more yolk-rich
cells. The evidence justifies the conclusion that the former
gives origin directly to the formative or embryonal region of
the vesicle wall, the latter to the non-formative or extra-
embryonal region.

Amongst the Eutheria the evidence is no less clear. It has
been conclusively shown by various observers (Van Beneden,
Duval, Assheton, Hubrecht, Heape, and others) that, sooner
or later, there occurs a separation of the blastomeres into two
distinet groups, one of which eventually encloses the other
completely. The two groups may be clearly distinguishable

-
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TEXT-FIG. 2.

et

Diagrams illustrating the mode of formation of the blastoeyst
in Metatheria (A-D) and Eutheria (1-3).  b.c. Blastocyst cavity.
Zeam. Inner cell-mass.  pr.ama.e. Primitive anmiotic cavity.
r.l. Rauber's layer. s.c. Segmentation cavity. For other
reference letters see explanation of plates (p. 125).
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in early cleavage stages, owing to diffevences in the characters
and staining reactions of their cells, and 1 snch cases there
is definite evidence of the occnrrence of a process of overgrowth
or epiboly, whereby one gronp gradually grows round and
completely envelops the other, so that in the completed
morula a distinction may be drawn between a central cell-
mass and a peripheral or enveloping layer (rabbit, Van
Beneden ; sheep, Assheton). In other cases, where it has
been 1mpo=xsible to recogunise the existence of these two
distinet cell-gronps in the cleavage stages, we nevertheless
find, etther in the completed morula or in the blastocyst, that
a more or less sharp distinction may be drawn between an
enveloping layer of cells and an internally situated cell-mass
(inner cell-mass).

E. van Beneden, in his classical paper on the development
of the rabbit, published in 1875, was the first to recognise
definitely the existence of two categories of cells in the
segmenting egg of the Eutherian mammal. Tn this form he
showed how in the morula stage a cap of lighter blastomeres
gradunally grows round and envelops a mass of more opaque
cells by a process of overgrowth or epiboly. In his more
recent and extremely valuable paper on the development of
Vespertilio (°99), he again demonstrated the existence of two
groups of blastomeres as well in the segmenting egg as in the
completed morula, but failed to find evidence of epiboly in all
cases. Nevertheless he holds fast to the opinton which he
expressed in 1875 : ¢ Que la segmentation s’accompagne, chez
les Mammiféres placentaires, d’un enveloppement progressif
d’nne partie des blastomeres par une couche cellulaire, qui
commence & se différencier dés le début du développement,”
and states that “dans tons les ceufs arrivés & la fin de la
segmentation et dans ceux qui moutraient le début de la
cavité Blastodermique j’ai constamment rencontré une couche
périphérigne compléte, entourant de toutes parts un amas
cellulaire interne, bien séparé de la conche enveloppante.”
The latter layer he regards as corresponding to the extra-
embryonal ectoderm of the Sanropsida, and points out that
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““chez tous les Chordds les premiers blastoméres qui se
differencient et qui avoisinent le pdle animal de Pcenf sont
des éléments épiblastiques.  Clest par la couche cellulaire qui
résulte de la segentation ultérienre de ces premiers blasto-
méres Eépiblastiques que se fait, chiez les Sanropsides, Penve-
loppement du vitellus.  Daus Peeuf rédnit & n’étre plus
qu’une sphére microscopique, I'épibolie a pu s’achever dés la
fin de la segmentation, voire méme avant Pachévement de ce
phénomene.”  The “amas cellulaive interne” (embryonal
kuot, inner cell mass), Van DBeneden shows, differentiates
secondarily into “un lécithophore et un bouton embryon-
naire.”
latter the formative or embryonal ectoderm. Hubrecht, in
the forms studied by him (Sorex, T'upaia, Tarsins') finds

The former is the entoderm of other authors, the

a corresponding differentiation.  In Tupaia he describes the
morula stage as consisting of a single central lightly staining
cell, which he regards as the parent cell of the inner cell-mass
of later stages, and of a more darkly staining peripheral layer
which forns the uunilaminar wall of the blastoeyst. Here,
then, the parent cells of the two cell-groups would appear to
be separated at the first cleavage. Hubrecht, like Van
Beneden, holds that the inner cell-mass furnishes the
embryonal ectoderm and the entire entoderm of the blastoeyst.
The peripheral Jayer he has termed the trophoblast ('S8, p.
511), and in his paper on the placentation of the hedgehog
(’89, p. 298) he defines the term as follows: “I propose to
confer this name to the epiblast of the blastocyst as far as it
has a direct nutritive significance, as indicated by proliferating
processes, by inmediate contact with maternal tissne, maternal
blood, or secreted material. The epiblast of the germinal
area—the formative epiblast—and that which will take part
in the formation of the inmer lining of the ammion cavity is,
ipso facto, excluded from the definition.”  Thus the name

! Tn Ervinacens the entoderm, from Hulrecht's observations, appears
to be precoeiously differentiated, prior to the separation of the emlhryonal
ectoderm from the overlying trophoblast, but the details of the early
‘development in this form are as yet only incompletely known.
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trophoblast was originally employed by Hubrecht as a con-
venient term designatm‘); of what lie at the time regarded as
the extra-embryonal ectoderm of the mammalian blastocyst.
In the course of his speculations on the origin of this layer,
however, lie has reached the conclusion that it is really of the
nature of “a larval envelope, an Kmbryonalhiille” (P08, p. 15),
inherited by the mammals, not from the reptiles (which have
no direct phylogenetic relationship to the latter), but from
their remote invertebrate ancestors (““vermiform predecessors
of ceelenterate pedigree, provided with an ectodermal larval
investment [Lavvenhiille] ).

Assheton, again, althongh he was unable to convince him-
self ("94) of the correctness of van Beneden’s acconnt of the
ocenrrence of a process of epiboly in the segmenting eggs of
the vabbit, finds in the sheep (*93) that a differentiation into
two groups of cells 1s recognisable ¢ perhaps as early as the
eight segment stage,” and that one of the groups gradually
envelops the other. ¢ Let 1t be noted,” he writes (P98, p. 227),
“that we have now to face the fact, based on actual sections,
that there 1s in certain mammals a clear separation of
segments at an early stage into two groups, one of which
eventually completely surronnds the other,” and instances
Van Beneden’s observations on the rabbit (of the correctness
of which he, however, failed to satisfy himself, as noted above),
Duval’s observations on the bat, Hubrecht’s on Tupaia, and
his own on the sheep. Assheton thinks this phenomenon
“must surely have some most profound siguificance,”
but finds himself unable to accept the interpretations of
either Van Beueden or Hubrecht, and puts forward yet
another view, “ based on the appearance of some segmenting
eggs of the sheep ” (08, p. 233), “that in cases where this
differentiation does clearly occur, it 1s a division into epiblast
and hypoblast, the latter being the external layer” (98, p. 227).
Assheton thus differs from all other observers in holding that
the inner cell-mass or embryonal knot of the Katherian
blastocyst gives origin solely to the formative or embryonal
ectoderm, and I believe 1 am correct in stating that he also
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differs from all other observers in holding that the outer
enveloping layer of the same is entodermal.!
The fact, then, of the ocemrrence amongst Kutheria of a

? of the blastomeres into two distinet

“precocious segregation’
groups, one of which eventually surrounds the other com-
pletely, is not in dispute, though anthorities differ widely in
the interpretation they place unpon it. In the Kuatherian
blastocyst stage, the enveloping layer forms the outer uni-
Jaminar wall of the vesicle, and encloses the blastocyst cavity
as well as the other internally sitnated group. This latter
typically appears as a rounded cell-mass, attached at one spot
to the inner smrface of the enveloping layer, but more or less
distinetly marked off from it. It is generally termed the
inner cell-mass or embryonal knot (““amas cellulaire interne ”’
of Van Beneden). For the enveloping layer Hubrecht’s name
of “trophoblast ” is now geuerally employed, even by those
who refuse to adopt the speculative views with which its
originator has most unfortunately, as 1 think, enshrouded this
convenient term.

[ liave demonstrated the occurrence of an apparently com-
parable ‘“precocious segregation” of the blastomeres into
two distinct groups in one member of the Metatheria which
there is no reason to regard as an aberrant type, and I have
shown beyond all shadow of doubt that from the one group,
which constitutes what I have termed the formative region
of the nnilaminar vesicle-wall, there arvise the embryonal
ectoderm and the entire entoderm of the vesicle, both em-
bryonal and extra-embryonal, and that the other group, which
constitutes the mnon-formative region of the vesicle-wall,
divectly furnislkes the extra-embryonal ectoderm, 1.e. the
ectoderm of the omphaloplenre and chorion.?

P Assheton states (OS. p. 283, cf. also U8, p. 220) that his interpreta-
tion **owes much also to the theoretical conclusions of Minot and
tobinson.” However that may be, hoth Minot and Robinson in their
most recent writings continne to speak of the chorionic ectoderm.
2 Whether or not it participates in the formation of the awmmiotic
ectoderm future investication must decide.
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As regards Entheria, we have seen that Van Beneden and
Hubrecht, though thetr views in other respects are widely
divergent, both agree that the inuner cell-mass of the blasto-
cyst furnishes the embryonal ectoderm (as well as the amniotic
ectoderm wholly or in part) and the entire entoderm of the
vesicle. That, in fact, is the view of Mammalian embryologists
generally (Duval and Assheton excepted),! and if we may
assume 1t to be correct, then 1t wonld appear that the later
history of the formative region of the Marsupial blastocyst
and that of the mmmer cell-mass of the Entherian arve identical.
That being so, and" bearing 1n mind that both have been
shown, at all events in certain Mammals, to have an identical
origin as a group of precociously segregated blastomeres,? 1
can come to no other conclusion than that they are homo-
genous formations. If that be accepted, then this fact by itself
renders highly probable the view that the so-called tropho-
blast of the Eutherian blastocyst is homogenons with the
non-formative region of the Metatherian vesicle. and when
we reflect that both have precisely the same structural aund
topographical (not to mention functional) relations in later
stages, inasmnch as they constitute the ectoderm of the cliorion
and omphalopleure (with or withont participation in the
formation of the ammuiotic ectoderm), and that both have a
similar origin in those Mammais in which a precocions segre-
gation of the blastomeres has been recognized, their exact

! The view of Duval ['957. based on the study of Vespertilio. that the
inner cell-mass gives rise solely to entoderm, and that the enveloping
layer furnishes not only the extra-embryonal but also the embryonal
ectoderm, is shown by Van Beneden's observations on the same form to
be devoid of any basis of fuct.  Assheton’s views arve referred to helow
(p. 110).

* The fact that the phenomenon of the * precocions segresation ™ of
the blastomeres into two groups with determinate destinies has already
become fixed in the Marsnpial lends additional weight to the view of
Van Beneden that such a segregation will eventually be recognised as
occrrring in all Eutheria withont exception.  Without it. it is diffienlt
to understand how the entypic condition. characteristic of the blasto-
cysts of all known Eutheria, is attained. unless by differentiation in
situ, which seems to me highly improbable.
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homology need no longer be donbted. In the preceding section
of this paper (ante, pp. 91, 92) I have shown reason for the
conclusion that the non-formative region of the Marsupial
blastocyst is the iomologne of the extra-embryonal ectoderm
of the Monotreme and Reptile, and if that conclusion be
accepted it follows that the outer enveloping layer of the
Futherian blastocyst, the so-called trophoblast of Hnbrecht,
is none other than extra-embryonal ectoderm, as maintained
by Van Beneden, Keibel, Bonnet, Jenkinson, Lee, MacBride
and others, the homologne of that of Reptilia.

I am therefore wholly nuable to accept the highly speenla-
tive conclusions of Hubrecht, set forth with such brilliancy
1 a comparatively recent number of this Jonrnal (°08), as
to the significance and phylogeny of this layer. "These con-
clnsions, on the basis of which lie has proceeded to formnlate
snch far-reaching and, indeed, revolutionary ideas not ouly
on questions embryological, but on those pertaining to the
phylogeny and classification of vertebrates, have already
been critically considered by Assheton ('09) and MacBride
(°09), also in the pages of this Journal, and found wanting,
and they arve, to my mind, quite irreconcilable with the facts
I ' have bronght to light in regard to the early development
of Marsnpials. I yield to no one in my admiration for the
epoch-making work of Hubrecht on the early ontogeny and
placentation of the Mammalia, and I heartily associate
myself with the enloginm thereanent so admirably expressed
by Assheton in the critique just veferved to (p. 274), but
1 am bound to confess that as concerns his views on the
phylogeny of this layer, which he has termed the “tropho-
blast,” he secems to me to have forsaken the fertile field of
legitimate hypothesis for the barren waste of nnprofitable
speculation, and to have erected therein an imposing edifice on
the very slenderest of fonndations.

Before 1 proceed to jnstify this, my estimate of lubrecht’s
views on the phylogeny of the troplioblast, let me first set
forth his conception so far as 1 understand it. He starts
with the assumption that the vertebrates (with the exception
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of Amphioxus, the Cyclostomes, and the Elasmobranchs) are
descended from ““vermiform predecessors of ceelenterate
pedigree” possessed of free-swimming larvee, in which there
was present a complete larval membrane of ectodermal deriva-

“as the outer

tion, and of the same order of differentiation
larval layerwhich in certain Nemertines, Gephyreans,and other
worms often serves as a temporary envelope that is stripped
off when the animal attains to a certain stage of developinent.”
When, for oviparity and larval development, viviparity and
embryonic development became established in the Prote-
trapodous successors of the ancestral vermiform stock, the
larval membrane did not disappear. On the contrary, it is
assnmed that 1t merely changed “its protective or locomotor

” and so, development now

function into an adhesive one,
taking place in ntero, it is quite easy to understand how the
larval membrane conld gradnally become transformed into
a trophic vesicle, containing the embryo as before, and
functional in the reception of nutriment from the walls of
the maternal uterns. The final stages in the evolation of
this trophic vesicle constituted by the old larval membrane
are met with amongst the mammals, smce in them it
became vascnlarised so as to constitute a ‘“‘yet more
thorough system of nourishment at the expense of the
maternal circulatory system.”  Such, then, 1s the phylogeny
of the trophoblast according to Hubrecht. The Eutherian
mammals, which it is held trace their descent straight back to
some very early Protetrapodous stock, viviparous in habit and
with small yolk-poor, holoblastic eggs, exlnbit the tropho-
blast in its most perfect condition. Hubrecht therefore stavts
with them, and attempts to demonstrate the existence of a
larval membrane, or vemwmants of such, externally to the
embryonal ectoderm in all vertebrates with the exceptions
already mentioned. There is no question of its existence in
the Meta- and Entherian mammals.  “We may,” writes
Hubrecht (P08, p. 12), . . . ““insist npon the fact that
. . . all Didelphia and Monodelphia hitherto investi-
gated show at a very early moment the didermic stage out of
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which the embryo will be built up enclosed in a cellular
vesicle (the trophoblast), of which no part ever euters into
the embryvonic organisation.” The common possession by the
Metatheria and Eutheria of a larval membrane 1s after all
only what wmight be expected, “since after Hill’s ('97)
Investigations, we must assume that the didelphian mammals
are not descended from Ornithodelphia but from monodelphian

> As concerns the Prototheria, althongh

placental ancestors.’
they cannot in any sense be regarded as directly ancestral to
the other mammals, we nevertheless find the trophoblastic
“In many reptiles and
birds,” however, it is “ distinguished with great difficalty

vesicle ‘“comparatively distinet.”

from the embryonic shield,” and this is explained by the
fact that the Sauropsida which are assumed to have taken
their origin from the same Protetrapodous stock as the
mammals  but along an entirely imdependent lme, have
secondarvily acquired, like the Prototheria, the oviparous
habit, with its concomitants, a yolk-laden egg and a shell, and
this latter acquisition has naturally tended “to relegate any
outer larval layer to the pension list” (P09, p. 5).  * Con-
cerming the volk acemmulation in the Sauropsidan egyg, there
is no trouble at all to suppose that the vesicular blastocyst
of an ecarly viviparous ancestor had gradually become yolk-
laden. The contrary assnmption, found in the handbooks,
that the mammalian egg, while totally losing its volk, has
vet preserved the identical developmental features as the
Sauropsid, is in reality mnch more diflienlt to reconcile with
sound evolutionary principles ” (P09, p. 5).

Amongst the lower Vertebrates the larval membrane is
clearly enongh recognisable in the so-called Deckschicht of
the Teleostomes, Dipnoans, and Amphibians. It is frankly
admitted that Amphioxns, the Cyclostomes, and the Elasmo-
branchs “show in their carly development no traces of a
Deckschicht” (larval layer, trophoblast), but there is no
difficulty abont this, since it is easy enough to suppose, in
view of other characters, that “the Selachians may very well
have descended from ancestors without any outer larval layer
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(08, p. 151), and ““for Cyclostomes the same reasoning holds
good” (p. 152).

The trophoblast, then, is conceived of by Hubrecht as a
larval membrane of ectodermal derivation, which invests the
embryonal anlage in all Vertebrates with the exceptions
mentioned, which is subject to secondary reduction, and which
is homologons throughout the series. As I understand the
conception, what is ordinarily called extra-embryonal ecto-
derm in the Sanropsida is not trophoblast, otherwise Hubrecht
could hardly write—“in reptiles and birds traces of the
larval layer have in late years been unmistakably noticed”
(09, p. 5); nevertheless what other writers have termed
embryonal and extra-embryonal ectoderm in the Prototheria
is claimed by Hubrecht as trophoblast (at all events that is
my iuterpretation of his statement thata trophoblastic vesicle
is present in these forms), and yet some years ago Hubrecht
(04, p. 10) found it difficult “to nnderstand that the name
has been misunderstood both by embryologists and gynaco-
logists.” My own feeling is that the more recent develop-
ments in his views have tended to obscure vather than to
clarify our ideas as to the trophoblast, especially if we must
now hold that the chorion or serosa of the Sanropsida is not
homologous with that of the Prototheria, which necessarily
follows if the extra-embryonal ectoderm of the Sauropsidan is
not the same thing as that of the Monotrewe.

Assuming that we have formed a correct conception of the
trophoblast as a larval membrane, and bearing in mind that 1t
is best developed in the Metatheria and Eutheria, siuce these
alone amongst higher Vertebrates have retained nnaltered
the viviparous habits of their Protetrapodons ancestors, let us
see what basis in fact there is for the statement of Hubrecht
(08, p. 68) that “before the ectoderm and the entoderm
have become differentiated from each other there 1s 1n
mammals a distinet larval cell-layer surrounding (as soon as
cleavage of the egg has attained the mornla stage) the
mother-cells of the embryonic tissues.” Now that statement
as it stands, I have no hesitation in characterising as entirely
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misleading, inasmnch as it is applicable not to the Mammalia
as a whole, bnt, so far as it vefers to matters of undisputed
fact, to one only of the three mammalian snbelasses, viz. the
Intheria.  So far as the latter are concerned, practically all
observers, as we have seen, are agrecd that there is present
during at least the early stages of development a complete
onter layer of cells which encloses the embryonal anlage
or inner cell-mass (that portion of it immediately overlying
the latter being termed the “Deckschicht” or “Rauber’s
layer”). It is, of course, this enveloping layer or tropho-
blast whiclh Hubrecht interprets as a larval membrane.
Tt fulfils the conditions, and were the Kutheria the ounly
Vertehrates known to us, the idea might be plausible
enongh.

Turning now to the Metatheria, and remembering that these,
according to Hnbrecht, are descended from the Enthera, we
shoutd naturally expect to find the snpposed larval membrane
fully developed, with all its ancestral relations ; and so we do
if we are content to accept Hubrecht’s interpretation of
Selenka’s results and figures m the case of Didelphys. The
“urentodermzelle ™
the mother-cell of the embryonic knob,” the ectoderm of
Selenka is manifestly the trophoblast—a complete larval
layer. It 1s no doubt wunfortunate that Hubrecht had to rely
on the work of Selenka as his source of information on the
early development of Marsupials, but it must be remembered
that he reads his own views into Selenka’s figures. On the

of Selenka is for Hubrecht “undounbtedly

basis of my own observations on the early ontogeny of Mar-
supials, | have no hesitation in affirming that a larval mem-
braue, in the sense of Iubrecht, does not exist in any of the
forms (Dasyurns, Perameles, Macropus) studied by me. The
observations recorded i the preceding pages of this paper
demonstrate, in the case of Dasyurns withont the possibility
of doubt, the entire absence of any cellnlar layer external
to the formative region of the blastocyst, i.e. in a position
corresponding to that occupied by Rauber’s layer in Eutheria,
whilst in the case of Perameles and Macropus, they yield not
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the slightest evidence for the existence of any such layer.
The formative region-of the Marsupial blastocyst, which is
undoubtedly the homologue of the inner cell mass of the
Euntheria, forms from the first part of the untlaminar blaste-
cyst wall, and is freely exposed. 'The remainder of the latter
is constituted by a layer of non-formative cells, the destiny
of which is the'same as that of the so-called trophoblast of
the Eutheria. 1 have therefore ventured to suggest that they
are one and the same. 1f, then, the trophoblast is really a
larval membrane, we must assume, in the case of the Mar-
snpial, either that its “ Deckschicht” portion has been com-
pletely suppressed (but why 1t should have been 1 fail to
understand, unless, perhaps, it is a resnlt of the secondary
acquisition by the Marsnpials of a shell-membrane, these
mammals being even now on the way to secondarily assume
the oviparous habit!), or that the non-formative region of the
Marsnpials is not the liomologne of the trophoblast, in which
case the Marsupials must be held to have entirely lost the larval
membrane, since there is no other layer present which counld
possibly represent it. These considerations may well give us
pause before we calmly accept Hubrecht’s conception of the
trophoblast as a larval membrane present in all mammals
withont exception.

Coming now to the Prototheria, we find, according to
Hubrecht, ¢ the trophoblastic vesicle . . . yet compara-
tively distinet,” and so it is if we accept the interpretation of
Hubrecht of the observations and figures of Semon, Wilson
and Hill. The unilaminar blastoderm of these anthors is
nnmistakably the trophoblast.  The cells situated internally
to that in the region of the white yolk-bed are not ento-
dermal, as suggested by Semon, but constitute for Hubrecht
“the mother cells of the embryonic knob.”” I need only quote
again the opinion of Assheton thereanent and express my
agreement therewith ; he writes (’09, p. 233) : ¢ For this view
I can see no reason derivable from actual specimens described
and figured by those four authors® (Caldwell, Semon, Wilson
and Hill). It would appear, then, that the assumption of
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Hubrecht of the presence of a larval membrane of the nature
postulated in the Prototheria and Metatheria is devoid of
fonndation in fact, so that there bhnt remains the question of
the significance of the outer enveloping layer of the Eutherian
blastocyst.  As regards that, I venture to think that the
alternative interpretation of kK. van Beneden and other
investigators, which T have attempted to develop in the
pages of this paper, affords a simpler and more satisfying
explanation of its significance and phylogeny than that
advocated by Prof. Hubrecht, an interpretation, moreover,
which 1s more in accordance, not only with all the known
facts, but < with sonnd evolntionary principles ”” and with the
conclusions arrived at by the great majority of comparative
anatomists and paleontologists as to the origin and nter-
relationships of the Mammalia.

And I also venture to think that what has just been said
holds trne with reference to the views advocated by Mr.
Assheton.  These views owed their origin to certain appeat-
ances which he fonnd in some segmenting ova of the sheep
(but, be it noted, not in all those he examined), and he has
attempted to re-interpret not only his own earlier observations,
but those of other workers on the early ontogeny of the Hntheria
m the hight of Ins newer faith, and not only <o, he holds that it
is also possible to apply that in the interpretation of the early
ontogeny of Marsupials (v. ’08, p. 235, and *09, p. 229), He
maintains that the inner cell-mass of Kutheria 1s purely ecto-
dermal, and that the enveloping trophoblast layer of the hlasto-
cyst arises in common with the entodermal lining of the same
and is thevefore also entodermal.  “ On the theory T advocate,”
he writes (09, p. 235), “the trophoblast is of Eutherian
mammalian origin only and is not homologous to any form of
envelope outside the group of Entherian mammals.”  These
views of Assheton are not only at varance with those of all
other mvestigators who have worked at the early ontogeny of

Sutheria, hut they are quite irreconcilable with my observa-
tions on the development of Dasyurus herein recorded. I claim
to have shown in that Marsnpial that the formative region, the
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homologne of the inner cell-mass, gives origin not only to the
embryonal ectoderm, but to the entire entoderm, whilst the
non-formative region, whose homology to the trophoblast of
Eutheria is admitted by Assheton, arises quite independently
of the entoderm and a long time before the latter makes its
appearance. There 15, then, in Dasynrus no question of a
common origin of the entoderm and the non-formative or
trophoblastic region of the blastocyst wall. And exception
may be taken to Assheton’s views on quite other grounds
(e. g. the qnestion of the homologies of the feetal membranes
in the series of the Amuniota), as he himself is well aware, and
as Jenkinson ('00) has also emphasised. [ feel, however, [ can
leave further discussion of Assheton’s views uutil such time
as my observations on Dasyurns are shown to be erroneous or
mapplicable to other Marsupials.

3. The Entypic Condition of the Eutherian
Blastocyst.

If, now, on the basis of the homologies I liave ventured to
advocate in the preceding pages, we proceed to compare the
Metatherian with the Euntherian blastocyst, we have to note
that, whereas in the latter the extra-embryonal or tropho-
blastic ectoderm alone forms the blastocyst wall in early
stages and completely encloses the embryonal knot, in the
former, the homologous parts, viz. the non-formative or extra-
embryonal and the formative or embryonal regions, both
enter into the constitution of the unilaminar blastocyst
wall, there being no such enclosure of the one by the
other as occurs in the Eutherian blastocyst (Text-fig. 2, p. 98).
It is characteristic of the Marsnpial as of the Monotreme that
the embryonal region is from the first superficial and freely
exposed. It is spread out as a cellular layer and simply
forms part of the blastocyst wall or blastoderm. It is eqnally
characteristic of the Entherian that the homologous part, the
embryonal knot, has at first the form of a compact mass,
which is completely enclosed by the trophoblastic ectoderm.
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The latter alone constitntes the unilaminar wall of the
blastocyst and has the embryonal knot adherent at one spot
to its innmer surface. The formative eells which compose
the knot thus take at first no part in the constitution of
the outer wall of the Dblastoeyst, and may or may not
do so in later stages according as the covering layer of the
trophoblast (the Decksehicht or Rauber’s layer) 1s tran-
sitory or permanent. This peculiar developmental con-
dition, characterised by the internal position of the formative
or embryonal cells within the blastocyst cavity, has been
termed by Selenka (00) “entypy” (lntypie des Keim-
feldes).! 1t is a phenomenon exclusively fonnd in the
Futheria and characteristic of them alone, amongst the
mammals.  In the Marsupial, as i the Monotreme, the
formative cells are freely exposed, und constitute from the first
part of the blastoeyst wall just as those of the Sauropsida form
a part of the general blastoderm.  Limited as entypy thus
appears to be to the higher mammals, the probability is that
we have to do here with a purely secondary, adaptive feature.

If we proceed to inquire what is the significance of this
remarkable difference in the ecarly developmental phenomena
of the lower and higher mammals, it seems to me that we have
to take aceonnt, in the first place, of the differences in the
structure of their respective eggs, and especially we have to
bear in mind that the Kntherian ovum is considerably more
specialised than even the Metatherian. It is on the average
smaller than the latter, i.e¢. 1t has suffered 1 the course of
phylogeny still further rednetion i size, and has lost, to an
even greater extent than the Marsupial ovam, the store of food-
volk ancestrally present init.  Moreover, it has snffered a still
further rednetion in vespect of its secondary egg-membranes.
The Metatherian ovumn still retains in its' shell-membrane a

1¢ Unter Entypie des Keimfeldes mochte ich daher verstanden
wissen : Die nicht dureh Bildung typischer Ammionfalten geschehende,
sondern durch eine schon withrend der Gastrulation erfolgende Absch-
ninunge des Keimfeldes ins Innere der Eiblasenhiille (Chorion) ™ ('00,
p- 203).
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vestigial representative of the shell of the presnmed oviparons
common ancestor of the Metatheria and Iutlheria. The
Eutherian ovam, on the other hand, has lost all trace of the
shell in correlation with its more complete adaptation tothe con-
ditions of intra-nterine development. The albumen layer is
variable in its occurrence, being present in some (e.g. rabbit)
and absent in others (e.g. pig, Assheton), whilst the zona
itself, thongh always present, i1s variable both as to its thick-
ness and the length of time it persists.

Strangely enough, althongh the prevaling opinion amongst
mammalian embryologists is that the Entherian ovam has
been derived phylogenetically from an egg of the same telo-
lecithal and shell-bearing type as is fonud in the Monotremes,
no one, so far as I am aware, has ever taken the shell into
acconnt, and ventured to consider in what way its total dis-
appearance from an ovnm already greatly reduced in size,
might affect the conrse of the early developmental phenomena.
That is what I propose to do here, for in my view it is just in
the complete loss of the shell by the Entherian ovum that we
find the key to the explanation of those remarkable differences
which are observable between the early ontogeny of the
Euatheria and Metatheria, and which calminate in the entypic
condition so distinctive of the former. The acqnisition of a
shell by the Proamniota conditioned the appearance of the
amuion. The loss of the shell in the Entheria conditioned the
occurrence in their ontogeny of entypy.

As we have seen, the mammalian ovam, already in the
Monotremes greatly reduced in size as compared with that of
reptiles, and quite minute in the Metatheria and Eutheria,
contains within itself neither the cubic capacity nor the food
material necessary for the production of an embryo on the
ancestral reptilian lines.  We accordingly find that the
primary object of the first developmental processes in the
mammals has come to be the formation of a vesicle with a
complete cellular wall, capable of absorbing natrient fluid from
the maternal uterus and of growing rapidly, so as to provide
the space necessary for embryonal differentiation.

VOL. 56, PART l.—NEW SERIES. 8
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In the Monotremes this vesicnlar stage is rapidly and
directly attained as the resalt, firstly, of the rearrangement
of the blastomeres of the cleavage-disc to form a unilaminar
blastodermic membrane overlying the solid yolk, and, secondly,
of the rapid extension of the peripheral (extra-embryonal)
region of the same, in contact with the inner surface of the
firm sphere furnished by the egg-envelopes. During the
completion of the blastocyst embryonal differentiation remains
in abeyance, and practically does not start until after growth
of the blastocyst is well mmtiated.

In the Marsnpial, notwithstanding the fact that the ovum
has become secondarily holoblastic, the mode of formation
of the blastocyst is essentially that of the Monotreme.
Cleavage is of the radial type, and owing to the persistence
of the shell, which with the zona forms a firm resistant
sphere enclosing the egg, the radially arranged blasto-
ueres are able to assume the form of an open ring and to
proceed directly to the formation of the unilaminar wall of
the blastocyst. The enclosing sphere provides the necessary
firm surface over which the prodncts of division of the upper
and lower cell-rings of the 16-celled stage can respectively
spread towards opposite poles, so as to dirvectly constitute the
formative and non-formative regions of the blastocyst wall.
In wmy opinion it is the persistence of the resistant shell-
wmembrane ronnd the ovim which conditions the occurrence
in the Marsupial of this direct method of blastocyst formation.
As in the Monotreme, so here also embryonal differentiation
commences only after the blastocyst has grown considerably
1 size.

In the Kutheria, on the other hand, in the absence of the
shell-membrane, not only is the mode of formation of the
blastocyst quite different to that in the Marsupial, but
the relations of the constitnent parts of the completed
structure also differ markedly from those of the homo-
genous parts in the latter. The cleavage process here leads
only indirectly to the formation of the blastocyst, and must be
held to be cenogenetically modified as compared with that of
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lower mammals. In the cross-shaped arrangement of the
blastomeres in the 4-celled stage, in the occurrence of a
definite morula-stage and of the entypic condition, we have
features in which the early ontogeny of the Eutheria differs
fundamentally from that of the Metatheria. They are inti-
mately correlated the one with the other, and are met with in
all Futheria, so far as known, but do not occur either in the
Prototheria or the Metatheria, so that we must regard them
as secondary features which were acquired by the primitive
Futheria under the influence of some common causal factor
or factors, subsequent to their divergence from the ancestral
stock common to them and to the Metatheria. Now the cross-
shaped 4-celled stage and the morula-stage are undoubtedly
to be looked npon simply as cleavage adaptations of prospective
significauce in regard to the entypic condition, so that the
problem reduces itself to this—how came these adaptations
to be induced in the first instance ? In view of the facts that
in the Metatheria, in the presence of the shell-membrane, the
formation of the blastocyst is the direct outcomne of the cleavage
process, and is effected along the old ancestral lines without
any enclosure of the formative cells by the non-formative,
whilst in the Eutheria, in the absence of the shell-mem-
brane, blastocyst formation results only indirectly from the
cleavage-process, is effected in a way quite different from
that characteristic of the Metatheria, and involves the
complete enclosure of the formative hy the non-formative
cells, T venture to suggest that the cleavage adaptations
which result in the entypic condition were acquired in the first
instance as the direct outcome of the total loss by the already
greatly reduced Eutherian ovum of the shell-membrane.!
This view necessarily implies that the presence of a thick
zona such as occurs round the ovum in certain Eutheria is
secondary, and what we know of this membrane in existing
Eutberia is at all events not adverse to that conclusion.

! This suggestion I first put forward in a course of leciures on the
early ontogeny and placentation of the Mammalia delivered at the
Uuniversity of Sydney in 1004.
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Amongst the Marsupials the zoua is quite thin (abont -0016
mm. in Dasyurus), presnmptive evidenee that it was also thin
1 the ancestral stock from which the Meta- and Kntheria
diverged, whilst amongst the lntheria themselves the zona,
as Robinson (*03) has pointed ont, is not only of very varying
thickness, but persists ronnd the ovam for a very varying
period in different speeies. It appears to be thinnest in the
mouse (00T nim.), in most Butheria it is considerably thicker
(*01 mm., bat, dog, rabbit, deer), whilst 1n Cavia it reaches
a thickness of as mueh as *02 mm. In those forms in which
the blastoeyst early becomes embedded in, or attached to, the
mucosa, the zona naturally disappears early. In the rat,
mouse aud guinea-pig it disappears before the blastoeyst is
formed. Hubrecht failed to find 1t in the 2-celled egg of
Tupaia, and it was already absent in the 4-celled stage of
Macacus nemestrinus, discovered by Selenka and de-
seribed by Hubrecht. Ou the other hand, it may persist for
a mueh longer period, up to the time of appearance of the
primitive streak (vabbit, dog, fervet). These facts snffi-
ciently demonstratethe variability of the zona in the Eutherian
series, and its early disappearanee in certain forms before the
completion of the blastoeyst stage shows that it can have no
supporting funetion in regarvd to that.

Postulating, then, the disappearance of the shell-membrane
and the presence of a relatively thin, non-resistant zona (with
perhaps a layer of albumen) ronnd the minnte yolk-poor ovam
of the primitive Kutherian, and remembering that the ovam
starts with certain inherited tendencies, the most immediate
and pressing of whieh is to produce a blastocyst comprising
two differentiated groups of cells, the problem is how, in the
absence of the old snpporting sphere constituted by the egy-
envelopes, can snch o vesicular stage be most easily and
most expeditionsly attained ? e Kutherian solution as we see
it in operation to-day is really a very simple one, and withal a
noteworthy instanee of adaptation in cleavage (Lillie, ’99).
In the absence of any firm supporting membrane ronnd the
egg, and the consequent impossibility of the blastomeres pro-
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ceeding at once to form the blastocyst wall, they are nnder
the necessity of keepiiig together, and to this eund cleavage
has become adapted. For the ancestral radial arrangement
of the blastomeres in the 4-celled stage, characteristic of the
Monotreme and Marsupial, there has been substituted a
cross-shaped grouping into two pairs, and, as the outcome of
this adaptive alteration in the cleavage planes, there results
from the subseqnent divisions, not an open cell-ring, as in the
Mavsupial, but a compact cell-group or morula. In this we
again encounter precisely the same differentiation of the
blastomeres 1nto two categories, respectively formative
(embryonal) and non-formative (trophoblastic) in significance,
as 1s found in the 16-celled stage of the Marsupial, but, since
the two groups of cells are here massed together, and in the
absence of any firm enclosing sphere, cannot spread inde-
pendently so as to form directly the wall of the blastocyst,
there has arisen the necessity for yet other adaptive modifi-
cations. Attention has already been directed to the tardiness
of differentiation 1 the embryonal region of the Mounotreme
and Marsupial blastocyst, and here in the minute Kutherian
worula we find what is, perhaps, to be looked upon as a
further adaptive exaggeration of this same feature in the
wertness which is at first displayed by the formative cells,
and which is in marked contrast with the activity shown by
the non-formative ectodermal cells.! Iv is these latter, it

! The inertness of the formative cell-mass is ucconnted for by Assheton
(98, p. 251) as follows : ** Now, as the epiblast plays the more prominent
part in the formation of the bulk of the embryo during the earliest
stages, it clearly would be useless for the embryonic part to exhibit
much energy of growth until the old conditions [in particular suflicient
room for embryonal differentiation] were to a certuin extent regained;
hence the lethargy exhibited by the embryonic epiblast in mammals
during the first week of development. No feature of the early stages of
the mammalian embryo is more striking than this inertuess of the
embryonic epiblast—or, as I should now prefer to call it, simply epiblast
—during the first few days.” Assheton, it shonld be remembered, holds
that the imner cell-mass of KEutheria fnrnishes only the embryonal
ectoderm.
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should be recollected, which exhibit the greatest growth-
energy during the formation of the blastocyst in the Mono-
treme and Marsnpial, and so their greater activity in the
Kutherian morula is ouly what might be expected. Dividing
more rapidly than the formative cells, they gradnally grow
ronnd the latter, and eventually form a complete onter layer
enveloping the inert formative cell-group. This process otover-
growth or epiboly is entirely comparable in its effect with the
spreading of the extra-embryonal region of the unilaminar
blastodermic membrane in the Monotreme to enclose the yolk-
mass, and with that of the non-formative cells in the Marsupial
to complete the lower hemisphere of the blastocyst, growth
ronnd an inert central cell-mass being here substituted for
growth over the imner surface of a resistant sphere constituted
by the egg-envelopes, snch as ocenrs during the formation of
the blastocyst in the Monotreme and Marsupial.  Just as the
first objective of the cleavage process in the latter is to effect
the completion of the cellular wall of the blastocyst, so here
the same objective recurs, and is attained in the simplest
possible way in the new circumstances, viz. by the rapid en-
velopment of the formative by the non-formative cells, Thus
at the end of the cleavage process in the Eutherian we have
formed a solid entypic mornla in which an inuer mass of
formative cells is completely surrounded by an oater envelop-
ing layer of non-formative or tropho-ectodermal cells, homo-
genous with the extra-embryonal ectoderm of the Sauropsidan
and Monotreme and the non-formative region of the uni-
laminar blastocyst of the Marsupial. Couversion of the solid
mornla into a hollow blastocyst capable of imbibing tluid
from the uterus and of growing rapidly now follows. Intra-
or mtercellular vacuoles appear below the inner cell-mass, by
the confluence of which the blastocyst cavity is established,
and the iuner cell-mass becomes separated from the envelop-
mg layer of tropho-ectoderm, except over a small area where
the two remain in contact.

The complete enclosure of the formative cells of the inuer
ccll-mass by the nou-formative cctodermal cells of the
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enveloping layer which prodnces this peculiar entypic condi-
tion 1 the Eutherian’blastocyst, I would interpret, then, as
a purely adaptive phenomenon, which in the given circum-
stances effects in the simplest possible way the early completion
of the blastocyst wall, and whose origin is to be traced to
that reduction in size and in its envelopes which the Eutherian
ovam has suffered in the conrse of phylogeny, in adaptation
to the conditions of intra-uterine development. In particular,
starting with a shell-bearing ovam, already minute and
undergoing its development in utero, I see in the loss of
the shell such as has oceurred in the Eutheria an intelligible
explanation of the first origin of those adaptations which
culminate in the condition of entypy. Iam therefore wholly
unable to accept the view of Hubrecht (’08, p. 78), that  what
Selenka has designated by the name of Kntypie is—from
our point of view—no secondary phenomenon, but one
which repeats very primitive features of separation between
embryonic ectoderm and larval envelope in invertebrate
ancestors.”

I see no reason for supposing that the intimate relationship
which is early estabhshed in many Eutheria between the
trophoblastic ectoderm and the uterine mucosa has had any-
thing to do with the origination of the entypic condition. In
my view such intimate relationship involving the complete
enclosure of the blastocyst in the mucosa only came to be
established secondarily, after entypy had become the rule.
On the other hand, the peculiar modifications of the entypic
condition met with in rodents with “inversion” (e.g. rat,
mouse, gninea-pig) are nndoubtedly to be correlated, as Vau
Beneden also believed (’99, p. 332), with the remarkably early
and complete enclosure or implantation of the germ in the
mucosa such as occurs in these and other Eutheria. Similar
views are expressed by Selenka in one of his last contributions
to mammalian embryology. He writes (00, p. 205)— Dass
die Entypie des Keimfeldes und die Blattinversion begiinstigt
wird durch die frithzeitige Verwachsung der Eiblase mit dem
Uterns, 1st nicht in Abrede zu stellen. Aber da dieser
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Prozess auch in solehen Kiblasen der Siugetiere vorkommen
kann, die iberhaupt nicht, oder erst spiter mit dem Uterus
verwachsen, so kann die Keimfeld-Entvpie zwar durch die
frihe Verwachsung veranlasst, aber nicht ausschliesslich
liervorgernfen werden.” He goes on to remark that— Die
Vorbedingungen zur Eutypie miissen in der Struktur der ver-
wachsenden Fiblase gesnchs werden,” and expresses hisg
agreement with the views of Van Beneden as to the signifi-
cance to be attributed to the early eleavage phenomena in
Entheria.

The attitude of the illustrions Belgian embryologist whose
loss we have so recently to deplore, towards this problem is
clearly set forth in the last wemoir which issned from his
Lhand. “Je suis de cenx,” he wrote (*09, p. 332), “quni pensent
que toute embryologie des Mammiféres placentaives témoigne
qu’ils dérivent d’animanx qui, comme les Sauropsides et les
Monotremes, produisaient des cenfs méroblastiques. Je ne
puis & auenn point de vie me rallier aux idées contraires formu-
lées et défendues par Hubrecht. I hypothése de Hubrecht
se heurte & des difticultés morphologiques et physiologiques
insurmontables : elle laisse mexphquée Vexistence, chez les
Mammiferes placentaires, d’une vésicule ombilicale et d’une
foule de caractéres commnns & tous les Amuiotes et distinetifs
de ces animanx.”  Holding this view of the origin of the
Eutheria, Van Beneden based his interpretation of their early
ontogenetic phenomena on the belief that ““la reduction pro-
gressive du volume de Peenf d’une part, le fait de son
développement intrauterin de VPautre ont du avoir une in-
fluence prépondérante sur les premiers processus évolutits.”

Balfour, in his classical treatise, had already some eighteen
years earlier expressed precisely the same view. “The
features of the development of the placental Mammalia,” he
wrote (*Mem. kdn.” vol. iii, p. 289), “receive their most
satisfactory explanation on the hypothesis that their ancestors
were provided with a large-yolked ovum like that of Sanrop-
sida. The food-yolk must be supposed to have ceased to be
developed on the establishment of a maternal nutrition through
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the uterus. . . . The embryonic evidence of the common
origin of Mammalia and Sauropsida, both as concerns the
formation of the layers and of the embryonic membranes is
as clear as iv can be.”

That view of the derivation of the Mammalia receives, 1
venture to think, striking confirmation from the observations
and conclusions set forth in the preceding pages of this
memoir, and from it as a basis all attempts at o phylogenetic
interpretation of the early ontogenetic phenomena in the
Mammalia must, [ amn convinced, take their origin.  Such an
attempt 1 have essayed in the foregoing pages, with what
success the reader must judge.

ADDENDUM.

The memoir of Prof. O. Van der Stricht, entitled ““ La struc-
ture de Peenf des Mammifeéres (Chauve-souris, Vesperugo
noctula): Troisieme Partie” (‘Men. de PAcad. roy. de
Belgique,” 2nd ser., t. ii, 1909), came into my hands ounly
after my own paper had reached its final form, and therefore
too late for notice in the hody of the text. In this extrewmely
valnable contribution, Van der Swicht gives a detailed
account of the growth, matnration, fertilisaticn, and early
cleavage-stages of the ovam of Vesperugo, illustrated by a
superb series of drawings and photo-micrographs.  All I can
do here, however, is to direct attention to that section of the
paper entitled “ Phénomeénes de deutoplasmolyse au pole
végératif de Peeaf” (pp. 92-96), in which the author describes
the occarrence in the bat’s ovam of just snch a process of
elimination of surplus deutoplasinic material as I have
recorded for Dasyurus. Van der Stricht’s iterpretation of
this phenomenon agrees, I am glad to find, with my own.
He writes (pp. 92-93): “Ce deutoplasme rudimentaire, a
peime ébauché dans lovale des Mammferes, parait étre
encore trop abondant dans Peeut de Chaunve-sounris, car ces
materiaux de réserve, en partie inutiles, sout partiellement
éhiminés, expulsés de la cellule.”
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To this process of elimination of surplus deuntoplasm he
applies the name “ deutoplasmolyse,” and states that «Ce
phénomene consiste dans l'apparition de lobules vitellins
multiples, en nombre trés variable, & la surface du vitellus an
nivean du péle végétatif. Ces bourgeons a peu prés tous de
méme grandenr, les uns étant cependant un pen plus volumi-
neux que les autres, apparaissent dans le voisinage des globules
polaires et présentent la structure du dentoplasme. lls sont
formés de vacuoles claives, a Pintérienr desquelles on apergoit
parfois de petits grains vitellins, dout 1l a été question plus
haut. . . . Ce processus de dentoplasmolyse devient
manifeste surtous aprés Pexpulsion du second globule polaire,
pendant la période de la fécondation. Il peut étre tres
accentué, an stade du premier fusean de segmentation et au
début de la segmentation de Pcenf, notamment sur des ovules
divisés en deux et en quatre (figs. 59, 61, 62, d).” It would
therefore appear that, whilst in Dasyuras the suvplus deuto-
plasm is eliminated always prior to the completion of the
first cleavage and in the form of a single relatively large
spherical mass, in Vesperugo it is cast off genel'zilly, thongh
not invariably, before cleavage begins, aud in the form of a
number of small separate lobules.
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NPLANATION OF PLATES 1-9,

ITustrating Prof. J. P. Hill’s paper on “The Early Develop-
ment of the Marsupialia, with Special Reference to the
Native Cat (Dasyurus viverrinus).”

[All figures are from specimens of Dasyurus, unless otherwise indi-
cated. Drawings were executed with the aid of Zeiss's camera lucida,
except figs. 61-63, which were drawn from photographs.]

List oF CoMMON REFERENCE LETTERS.

Abi. Abnormal blastomere, fig. 37, «lb. Albumen. ¢y. Coagulum.
d. p. Discus proligerus. d. z. Deutoplasmic zone. emb. a. Embryonal
arvea.  emb. ect. Embryonal ectoderm. enf. Entoderm. 7. ep. Follicular
epithelinm. f. «. Formative area of blastocyst wall. f. e. Formative
cell. 7.z Formative zone. 7. ¢. Internal cell, fic. 34. 1. ent. Limit of
extension of entoderm. 1. p. Incomplete area of blastocyst wall at lower
pole.  p. bl First polar body. p. b s. First polar spindle.  p. 1% s.
Second polar spindle.  p. s. Perivitelline space. s, m. Shell-membrane.
sp. Sperm in albumen. fr, ect. Non-formative or trophoblastic ecto-
derm (tropho-ectoderm). #. b. Yolk-body. =z p. Zona.

PLATE 1.

Fig. 1.—Photo-micrograph (x 150 diameters) of the full-grown
ovarian ovum, ‘27 X 26 mm. diameter. The central dentoplasmic
zone (d. z) and the peripheral formutive zone (f. z.). in which the
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vesieular nucleus (‘05 X 03 mm. diameter) is situated, are clearly dis-
tinguishable. The zona (z. p.) measnres “0021—0025 mm. in thickness.
Ontside it are the follicular epithelial cells of the diseus proligerns
(d. p.). which is thickened on the upper side of the figure, where it
becomes continnons with the membrana granulosa. (D. viv., 21 . vii.
0t 10, Hermann's fluid and iron-hematoxylin.)

Fig. 2.—Photo-micrograph (x 150) of ripe ovarian ovam (in which
first polar body is separated and second polar spindle is present, thongh
neither is visible in figure), 29 X 23 mm. maximum diameter. Follicle
14 x 1'1 mm. diameter. The ovam exhibits an obvious polarity.
Deutoplasmic zone (d. z.) in upper hemisphere; formative zone (f. z.)
forming lower. (D. v i v, 14 26 vii .02, 2.0 Flemming's finid and
iron-hamatoxylin.)

Fig. 3.—Photo-micrograph (x 150) of ripe ovarian ovam (28 x -24
mm. diameter) with first polar body (p. b'.) and seeond polar spindle.
First polar hody, *026—03 x 01 mm. Second polar spindle, *013 mm.
in length. (D.viv, 14, 26 . vii. 02, 2%, Flemming's flnid and iron-
haematoxylin.)

Fig. 4.—Photo-micrograph (x 256) of ovarian ovam in process of
growth (* pseundo-alveolar™ stage).  Ovnm, 26 X 20 mm. diameter.
Zona, ‘0017=002 mm. in thickness. (D. viv., 14, 26 . vii. 02, 2,
Hermamn, iron-hematoxylin.)

Fig. 5.—Photo-micrograph (x 1250) of peripheral region of ripe
ovarian ovam (28 X 126 mm. diameter) with first polar spindle (-015
X 0B mm). (D.viv., 23 vii. 02, 2o Ohlmacher's fluid, iron-hema-
toxylin.)

Fig. 6.—Photo-micrograph (x 1250) of peripheral region of rvipe
ovarian ovinn (226 x 18 mm.), showing first polar hody (p. b'.) (03 X
006 mm.). (D.viv, 14,26 vii 02, 4. Flemming, iron-hamatoxylin.)

Fig. 7.—Photomicrograph (x 1250) of peripheral region of ovum. fig.
3, showing portion of first polar body (p. b'), and the second polar
spindle. The dark body lying Detween p. b and the surface of the
ovum is a displaced red blood-corpuscle.

Figs. 8 and $.—Photo-micrographs (X about 84) of unsegmented ova,
respectively 33 mur and 35 mm. in diameter. from the uterus, taken
immediately after their transference to the fixing fluid (piero-nitro-
osmic acid), showing the shell-membrane (s. m.). laminated albumen
(alb.), with sperms (sp.), the zona (z. p.), perivitelline space (p. s.), and
the body of the ovum, with its formative (/. 2.), and deutoplasmic (d. z.)
zones. (D.viv., 15 19 . vii. 0].)

Fig. 10.—Photo-mierograph (x 150) of section of nnsegmented ovam
almost immediately after its pussage into the uterus, showing the very
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thin shell-membrane externally (s.m:.) (about ‘0016 mm. in thickness),
the albumen («lb.), zona (z.p.). and the dentoplasmie (d. z.) and formative
(f.z) zones of its eytoplasmic body. The male pronuclens is visible in
the formative zone. Diameter of entire egg about 29 mm. (D. viv,
15,19 . vii . 01, &, Picro-nitro-osmic and iron-heematoxylin.)

Fig. 11.—Photo-micrograph ( x 150) of section of unsegmented ovum
from the uterus, slightly older than that of fig. 10.  Diameter of entire
eca in fresh state “34—35 mm.. of the ovum proper -3 X 28 mm.; thick-
ness of shell, “0024 mm. In the figure the female pronucleus is visible
near the centre of the formative zone (f.z.), and the male pronucleus
lies a little above it and to the right. The perivitelline space ( p.s.)
is partially ocenpied by coagulnm. (D. viv., 21 .v .03, 7. Hermann,
iron-hematoxylin.)

PLATE 2.

Fig. 12.—Photo-micrograph (x 150) of an unsegmented ovum from
the uterns, of the same batch as that of fig. 11, and 34 mm. in diameter.
The two pronuclei are visible in the central region of the formative
zone.

Fig. 153.—Photo-micrograph (x 330) of uterine ovum. Stage of first
cleavage spindle. Diameter. 315 mm. (D. viv., 1, 15.vii. 01, 5.
Picro-nitro-osmice, iron-hiematoxylin.)

Fig. 14.—Photo-micrograph (x about 78) of egg in the 2-celled stage,
taken immediately after its transference to the fixing fluid. Lateral
view. #.b. Yolk body. Diameter of entire egg about 34 mm. (D.viv,,
1,15 . vii. '01. Picro-nitro-osmic.)

Fig. 15.—Photo-micrograph (x abont 78) of another 2-celled egg,
seen from lower pole. Diameter, 35 mm. (D.viv., 4B, 23 . vi. 02
Perenyi's fluid.)

Fig. 16.—Photo-micrograph (x about 78) of another 2-celled egy,
of the same batch as preceding. End view. showing one of the two
blastomeres and the yolk-body (y.0.).

Fig. 17.—Photo-micrograph (x 150) of vertical section of 2-celled
egg. ‘34 mm. in diameter, showing the shell-membrane (‘0064 mm., thick),
traces only of the albumen, the zona (z. p.), and the two blastomeres (the
left one measuring, from the sections, ‘16 x 18 x 10 mum., its nucleus
031 x 027 mm.; the right one, *16 x 19 x *09 mm., its nucleus, ‘03 x
028 mm.). Note the differentiation in their cytoplasmic bodies.
(D.viv, 6,21 .vii. 01, §. Picro-nitro-osmic and iron-hematoxylin.)

Fig. 18.—Photo-micrograph (x 150) of vertical section of 2-celled
egg, 32 mm. in diameter, with shell-membrane ‘005 mm. thick, showing
the two blastomeres, and enclosed between their upper ends the yolk-
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hody (3.5). (D.viv. 1,15 . vii. 01, 2. Picro-nitro-osmic, iron-hema-
toxylin.) )

Figs. 19 and 20.—Photo-micrographs (x abont 70) of d-celled eggs
taken immediately after transference to Perenyi’s fluid.  Fig. 19, side
view, showing yolk-hody (y.b.); fig. 20, polar view. Diameter of entire
ego about 35 mm. (D. viv., 14 B, I8, vi. 02, Perenyi)

Fig. 21.—Photo-micrograph (x about 70) of another 4-celled egg,
from the same batch as the preceding, seen from lower pole.

Fig. 22.—Photo-micrograph (X 150) of section of 4-celled egy of
same hatel as those of figs. 19 and 20. The two right and the two
left blastomeres respectively form pairs, so that the plane of the first
cleavage is parallel with the sides of the plate, that of the second with
the top and hottom of the same. The two left hlastomeres are still
comnected by a narrow eytoplasmic Dridge.  Thickness of shell,
{0072 mm.

Fig. 23.—Photo-micrograph (x 150) of a vertical section through
a d-celled ego. 35 mm. in diameter. showing two of the blastomeres
and a small portion of the yolk-body (y.D.). Note, as in fig. 22, the
marked differentiation in the cytoplasm of the blastomeres. (D. viv.,
4,27 .vi. 01, Picro-nitro-osmic, iron-haematoxylin.)

Figs. 24 and 25.—Photo-micrographs (X 140) of horizontal sections
throngh a 16-celled ege. 33 mm. diameter, fig. 24 showing the eight
larger, more yolk-rich cells of the lower (non-formative) ring, and fig. 25
the eight smaller, less yolk-rich cells of the upper (formative) ring.
Shell “0075 mm. in thickness. yolk-hody (not included in the figures)
11 x 10 mm. in diameter, (D. viv., 3B, 26 .vi. 01; 15, 3 and §.
Picro-nitro-osmic and iron-haematoxyling)

Fig. 26.—Photo-micrograph (x 140) of a vertical section of an egg
of the same batch and size as that represented in figs. 24 and 25, but
with seventeen cells—formative =9 (6 4+ [1 x 2] 4+ 1) in division;
non-formative = 8. Two of the formative cells (f. ¢.) of the npper ring
are seen enclosing Detween them the faintly marked yolk-body (y. b.),
and below them two of the much more opague non-formative cells
(tr. ect.) of the lower ring.

PLATE 3.

Fig. 27.—Photo-micrograph (x about 76) of the jnst completed
Dlastocyst, 39 mun in diameter.  From a spirit specimen. The dark
spherical mass (cg.) in the blastocyst cavity is simply coagulum, pro-
duced by the action of the fixative (picro-nitro-osmic acid) on the
albuminous fluid which fills the blastocyst cavity. (D. viv.. 2 5,
16, vii . "01.)
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Fig. 28.—Photo-micrograph (x about 76) of a blastocyst of the same
batch as the preceding, “45 mm. in diameter. From a spirit specimen.
ey. Coaguluni.

Fig. 29.—Photo-micrograph (x about 75) of another hlastocyst.
45 mm. diameter, of the same batch as the preceding, hut taken
immediately after transference to the fixative. Viewed from the upper
pole. . b. Yolk-body seen through the nnilaminar wall.

Fig. 30.—Photo-micrograph (x about 75) of a blastocyst of the same
Datel as the preceding, about *39 mm. in diameter, in which the cellular
wall has not yet heen completed over the lower polar region.

Fig. 31.—Photo-micrograph (x 140) of a section of a blastocyst,
39 mu. diameter, of the same batch as the preceding and at precisely
the same developmental stage, the cellular wall having yet to be com-
pleted over the lower polar region (1. p.). In the blastocyst cavity is
seen the yolk-hody (y.h.) partially surrounded by a mass of coagulum
(cg). (D. viv., 2B,16 . vii. 01, m. = 39, Z.  Picro-nitro-osmic and
iron-hamatoxylin.)

Fig. 32.—Photo-micrograph (x 140) of another blastoeyst, 41 mm.
in diameter, of the same hateh as the preceding. also with the cellular
wall still absent over the lower polar region. Shell-memlnane ‘0075 mm.
in thickness. 7. b. Yolk-body. e¢.¢. Coagulum. The cellular wall
comprises about 130 cells.

Fig. 33.—Photo-micrograph (x 140) of a blastocyst of the same hateh
as the preceding, with a complete unilaminar cellular wall. #. 5. Yolk-
body, in contact with inner surface of wall, in the region of the upper
pole.

Fig. 34.—Photo-micrograph (x 100) of a section of a Dlastocyst
57 mm. in diameter. 7. ¢. Internal cell. (D.viv., 29 . vi. 04, 3. Picro-
nitro-osmic.)

Fig. 35.—Photo-micrograph (x 100) of a section of a blastocyst, ‘73
mm. diameter, of the same batch as the preceding, shell, 0045 mm.
thick.

Fig. 36.—Photo-micrograph (x 100) of a section of a blastocyst 66
mm. diameter, of the same batch as the preceding. TLower hemisphere
opposite yolk-hody (y. b.) formed of larger cells than upper. Hermann
fixation.

Fig. 37.—Photo-micrograph (x 140) of section of an abunormal
vesicle, *397 mm. diameter of the same batch as the normal vesicles
represented in figs. 27-33. aba. large binucleate cell, regarded as a
blastomere of the lower hemisphere which has failed to divide in normal
fashion, cf. text, p. 42.
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PLATE 4.

Fig. 38 —Photo-micrograph (x 10) of entire blastocyst 45 mm. dia-
meter to show the jnnctional line (j. ) between formative and non-
formative regions. From a spirit specimen. (D. viv.. .25 . vii. 0L,
Picro-nitro-osmic.)

Fig. 39.—Photo-micrograph (x abont 10) of an entire hlastocyst,
45 mm. diameter with distinct embryonal area (emb. a.). (D.viv., 5,
18 . vii . '01.)

Fig. 40.—Photo-micrograph (x 10) of entire blastoeyst abont 5 mm.
dinmeter showing embryonal arvea (emb. «.). peripheral limit of ento-
derm (1. ent.). and the still unilaminar region of the wall (fr. ect.). (D.
viv..S.vi. 01)

Fig. 41.—Photo-micrograph (X 150) of an in toto preparation of the
wall of a blastocyst of 35 mm. diameter. (D. viv.. 16,21 .vii. 01,

Fig. 42.—Photo-micrograph (X 150) of an in toto preparation of the
wall of a blastoeyst of 325 mm. diameter. j. /. Junctional line hetween
the formative (f. «.) and non-formative (tr. ect.) regions of the wall.
(D.viv., 24 . vii . 01.)

Figs. 43 and 4++.—Photo-micrographs (X 150) of in toto preparations
of the wall of 45 mm. blastocyst showing the junctional line hetween
the formative (f. a.) and non-formative (/i ect.) regions. (D. viv.,
B, 25 . vii. 0l. Picro-nitro-osmic and Ehrlich’s hematoxylin)

Fig. 45.—Photo-micrograph (x 150) of a corresponding preparation
of the wall of & more advanced 45 mm. hlastocyst (‘9 stage). in which
the two regions of the wall are now clearly distingnishable. (D. viv..
S.7.7°99. Piero-nitro-osmic, Ehrlich’s heematoxylin.)

Fig. 46.—Photo-micrograph (x 150) of a corresponding preparation
of a slightly more advanced blastozyst (‘04 stage). (D. viv..6.7 .04
Picro-nitro-osmie, Ehrlich’s hwematoxylin.)

PLATE 5.

Fig. 47.—Photo-micrograph (x 150) of an in toto preparation of the
formative region of u 6. 7. 04 Dlastocyst, showing the proliferation
of spherical internal cells referred to in the text, p. 53.

Fig. 43.—Photo-micrograph (X 150) of an in toto preparation of the
wall of a vesicle of the same batch as that represented in fig. 39, in
which a small part of the junctional line between the embryonal ecto-
derm and the extra-embryonal (fr. ect.) is visible, the free edge of the
entoderm (ent.) not having reachedit. (D.viv., 5, 18. vii . '01. Piero-
nitro-osmic, Ehrlich’s hivmatoxylin.)
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Fig. 49.—Photo-micrograph (x 150) of u corresponding preparation
of a vesicle of the same batch as the preceding. in which the wavy and
ivregularly thickened free edee of the entoderm (ent) practically
coincides with the junctional line and so conceals it from view.

Fig. 50.—Photo-micrograph (X 150) of an in toto preparation of a
vesicle (S . vi. ‘01 batch) viewed from the inner swrface as in the corres-
ponding preceding figures. The entoderm in therecion of the embryonal
area has been removed.so that one sees the inner surtace of the embryonal
ectoderm (emb. ect.): it is still in situ. thongh not in a quite intact con-
dition over the adjoining portion of extra-embryonal ectoderm. The
entoderm has not yet extended over thevegion indicated hy the reference
line to #r. ect.. 2o that here the extra-embryonal ectoderm is clearly
visible. The junctional line is apparent. (D. viv.. & . vi. 0l. Picro-
nitro-osmic. Ehrlich’s hematoxylin.)

Fig. 51 (Plate 3).—Photo-micrograph (x 310) of a section of a 30-
celled ege of Perameles obesula; eze b, 24 x 23 mm. diameter.
showing the nnilaminar layer formed by the hlustomeres.

Fig. 52 (Plate 3).—Photo-micrograph (x 240) of a section of a
Dlastocyst of P. nasuta 29 X 26 mm. diameter, showing the shell-
membrane (s..), zona (zp.). and the unilaminar cellular wall. The
portion of the latter adjacent to the reference lines is composed of
smaller but thicker cells than the vemainder.

PLATE .

Figs. 53 and 54 —Drawings (X &4) of a 6-celled ege 34 mm. dianieter,
fig. 53 showing a side view and fig. 54 a view from the lower pole.
Observe the characteristic ring-shaped arrangement of the blastomeres.
4. b. Yolk-body. the shell-membrane. albumen layer with sperms in-
cluded. and the zona are readily distinguishable. Outlines drawn with
the aid of the camera lucida inmediately after transference of the egg
to the fixing flnid. (D. viv. 22, 16 . vii . "01))

Figs. 55 und 56.—Drawings (X ahont 85) of a 16-celled egg (ubout *37
mm. diameter) as seen from the side and lower pole respectively. from
the same hatch as the egus represented in figs. 24, 25, and 26. The charac-
teristic arrangement of the Dblastomeres in two superimposed, open
rings (each of eight cells) and the difference in size between the cells of
the two rings arve evident. The irregular body (c.g.) seen in the cleavage
cavity in fig. 56 is a mass of coagnlum. Drawn from a spirit specimen.
The albumen layer as represented in fig. 56 is too thick. (D. viv..
3B,26.vi.0L)

Figs. 57 and 53.—Drawings (X about 85) of a 12-celled ece (33 mm.
diameter) as seen from the side and lower pole respectively. Four of
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the hlastomeres of the S-celled stage have already divided (4 + 4 x 2)
=12. From a spirit specimen and from same batch as preceding.

Fig. 59.—Drawing (x about 8R) of a 3l-celled egg (375 mm. diameter)
as seen from the lower pole.  From a spirit specimen and from the same
batch as the preceding. The irregnlar body in the blastocyst cavity is
formed by coagulum. Formative cells = 16: non-formative = 14 4 1
in division.

Fig. 60.—Drawing (X about 83) of another 31-celled egg (*375 diameter)
from the same batch as the preceding.  Side view.

Fig. 61.—Drawing (x 100) of an entire blastocyst (39 mm. diameter)
from the same batch as those shown in figs, 27-29,

Fig. 62.—Drawing (x about 80) of an entire blastocyst (‘4 mm.
diameter) from the same batch as the preceding.

Fig. 63.—Drawing (X 80 of an entire blastocyst (6 mm. diameter)
made from a photograph tuken directly after transference of the speci-
men to the fixing fluid. Cells of lower hemisphere with much more
marked perinuclear aveas of dense cytoplasm than those of the unpper.
D.viv..2 11. vii . 0L)

Fig. tf.—Section of the wall of a blastoeyst, 2:4 mm. diameter
(x 630). (D.viv., 7.vi.0L)

Figs. 65, 66, 67.—Drawings (x 630) of small portions of in toto
preparations of the formative region of 6. 7. 04 Dlastocysts to demon-
strate the mode of origin of the primitive entodermal cells (ent., fig. 67).
Fig. 65 shows a dividing entodermal mother-cell in position in the
unilaminar wall, smrronmded by larger lighter staining cells (prospective
embryonal ectodermal cells). In fig. 66 is seen a corresponding cell, a
portion of whose cell-hody has extended inwards so as to underlie
(overlie in figure) one of the ectodermal cells of the wall. In fig. 67
are seen two entodermal cells, evidently sister-cells, the products of the
division of such a cell as is seen in figs. 65 or 66. One of them (the
upper) is still a constituent of the unilaminar wall, the other (ent) is a
primitive entodermal cell, definitely internal. (D. viv., 6.7.704 Picro-
nitro-osmic. Ehrlich’s hirmatoxylin.)

PLATE 7.

Figs. 68, 69, 70.—Drawings (x 630) of portions of preparations
similar to the above. TFor description see text. (D. viv,, 6,7, '04)

Fig. 71.—Drawing (x about 630) of a portion of an in toto pre-
paration of the formative vegion of an ‘01 Dblastocyst showing two
primitive entodermal cells, one of them in division. (D. viv., B,
25 . vii . 01, Picro-nitro-osmic and Ehrlich.)
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Fig. 72.—Drawing (x 630) corresponding to the ubove, from the
formative region of a 6.7 . 04 blastocyst, also showing two primitive
3 g 1
entodermal cells, evidently sister-cells.

PLATE 8.

Figs. 73, 74, 76.—Sections of the formative region of 6.7 . 04 blasto-
cysts, showing the attenuated shell-membrane, the unilaminar wall, and
in close contact with the inner surface of the latter, the primitive ento-
dermal cells (ent.) (X 630).

Fig. 75.—Section corresponding to the above, showing an entodermal
mother-cell (ent.), part of whose cell-body underlies the adjacent ecto-
dermal cell of the wall.  The spheroidal inwardly projecting cell on the
left is probably also an entodermal mother-cell (X 630).

Fig. 77.—Section (x 630) of the non-formative region of a 6.7 .°04
blastocyst.

Fig. 78.—Section (x 630) of the embryonal area. and the adjoining
portion of the still unilaminar extra-embryonal region of a blustocyst of
the 5 .°01 stage. emb. ect. Embryonal ectoderm. ent. Entoderm. fr,
ect. Extra-embryonal ectoderm (tropho-ectoderm). The position of the
Junctional line is readily recognisable. (D. viv.. 5, 13 . vii. 0L. Picro-
nitro-osmic and Delafield’s heematoxylin.)

Fig. 79.—Section (x 630) through the corresponding regions in an
8. vi. 01 Dlastocyst. Note the thickening of the embryonal ectoderm
(emb. ect.), and the peripheral extension of the entoderm (ent.) helow
the tropho-ectoderm. (D. viv., 8 . vi . '0l. Picro-nitro-osmic and
Delafield.)

Fig. 80.—Section (x 600) throngh the formative (embryonal) region
of a blastocyst of P.nasuta, 1'3 mm. in diameter. Tt is thicker than
that of the Dasyure blastocyst at the corresponding stage of develop-
ment ; the primitive entodermal cells are well marked.

Fig. 81.—Section (x 600) corresponding to the above from another
13 mm. blustocyst of P. nasuta, of the same batch as the preceding,
but apparently very slightly earlier, the entodermal cells being still in
process of separating from the unilaminar wall. ent. Entodernw. ¢r. ect.
Tropho-ectoderm.

PLATE 9.

Fig. 82.—Section (x about 430) of a section of a Dlastocyst of M.
ruficollis 35 mm. in diameter, showing the major portion of the
tormative region (f.«.) anda small portion of the non-formative (£, ect.).
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The shell-membrane varies in thickness in the sections from 005 mm.
over the former region to ‘003 mm. over the latter.

Figs. 83, 84, 85 —Drawings (X 630) of small portions of the formative
(and in fig. 83 of the adjoining portion of the non-formative) region of
the above blastocyst of M. ruficollis more highly magnified. ent.
Primitive entodermal cells. Note in fie. 83 a cell of the wall in division,
the axis of the spindle being oblique to the surface.
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